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NO RTH AMERICAN AVIATION, INC.

\

SPACE and INFORRIATION SYSTEMS DIVISION

FOREWORD

The Quarterly Reliability Status Report is

submitted in accordance with the Apollo documentation

requirements delineated in NASA Contract NAS9-150,

Paragraph 4. 5.4.7, of "Project Apollo Sp$cecraft

Development Statement of Work," Part 4, dated 18

December 1961, and MIL-R-Z754Z, Paragraph 5.4. 3.

The information contained herein covers the period

from 1 October through 31 December 1962.
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SUMMARY

The reliability analyses performed during the past quarter indicate

that the mission success reliability requirement of 96.5 per cent can be met.

by proper subsystems design with a reasonable number of on-board spares

for the electronic subsystems. Based on these analyses, a new reliability

apportionment for the lunar orbital rendezvous (LOR) mission, with a list

of the necessary subsystem apportionments to meet the mission success

requirement of 0. 90, has been made. Table l lists the subsystem mission

success requirements for the LOR mission and the previous subsystem

mission success requirements apportioned for the direct landing mission

and indicates those subsystems affected by its redirection to the LOR

mission. The higher subsystem requirements in the LOR mission result

from the change of the spacecraft requirement of 96 per cent in the direct

landing mission to 96. 5 per cent in the LOR mission.

The basic analysis establishing the subsystem requirements for the

LOR mission was made using high-reliability parts for the mechanical

and electrical subsystems; high-reliability parts for the communication

and data, stabilization and control, and instrumentation subsystems; and

Massachusetts Institute of Technology estimates for the guidance and

navigation subsystem. A second analysis was made using high-reliability

parts in the guidance and navigation subsystem to evaluate the reduction in

spares weight that would result from the use of these parts. An additional

analysis was made, using present state-of-the-art parts, to resolve the

reliability status of the subsystems and to determine the areas where

future reliability effort can best be spent.

SYSTEM AND SUBSYSTEM TEST ACTIVITY

Spacecraft Tests

Qualification test requirements and test criteria were provided for

operational test procedures for boilerplate ZZ, high-altitude abort; boiler-

plate Z3, backup for boilerplates 6 and 12; airframe 001, propulsion

spacecraft; airframe 006, vibration-acoustic tests; and airframe 008,

environmental proof spacecraft. This information included the performance

and environmental parameters during flight that will be analyzed by

Reliability. No special tests were imposed on boilerplates 9, 15, 16, and

18 since their tests are for qualification and demonstration of launch

vehicle and spacecraft compatibility only.

SID 62-557-4



NORTH AMERICAN AVIATION, INC. SPACE and INFORNIATION SYSTEI_IS DIVISION

1

Table i. Apollo Lunar Orbital Rendezvous Mission, Apportioned

Reliability (Polaris Components for Guidance and Navigation)

Apportioned

Lunar Orbital

RendezvousSubsystem

Structural and mechanical 0. 999926 0. 997

Launch escape system 0.999989 0.999989

Electric power system 0.9989 0.9955

Earth land 0.99994 0.99994

Cryogenic storage 0.9989 0.9989

Service module

reaction control system 0.999409 0.996

Command module

reaction control system 0. 999969 0. 99996

Lunar excursion module 0.984

Environmental

control subsystem 0.997675 0.9935

Service propulsion system 0.99977 0.99977

Boosters 0.95 0. 95

Stabilization and control

Guidance and navigation

Communications and data

Instrumentation

0.994558

O.9889O1

0.987735

0.998502

Apportioned

Direct Flight

0.995

0.994

0.9925

0.9955

-g_
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Reliability facility requirements (test equipment, space, and office

equipment) have been established for a field test site at the White Sands

Missile Range (WSMR) and the Atlantic Missile Range (AMR). To reduce

reaction time, provisions have been made for local analysis of failures.

Four drop tests were conducted with boilerplate i. These were water

impact tests monitored by Reliability for the purpose of developing environ-

mental test criteria.

A qualification and development test schedule was devised to determine

the type of testing to be performed on each major component and subsystem

used in boilerplate and airframe articles and the type of environment to

which they will be subjected. A record will be kept in this test schedule of

the number and date of all qualification and development tests made, the

type of test, and the extent of testing experienced by any system component

prior to a flight.

Integrated Systems Testing

A status review of the Apollo equipment qualification in a representa-

tive environment prior to the first manned flight has been made by a task

force that was organized to define this problem area and recommend a

definitive program. To define the problem, the approach has been to

establish system constraints on all subsystems that will be used in order

to determine whether an article is qualified and/or ready to launch for

each successive flight. The constraints will be established as a joint

effort between NASA and S&ID. From this, specific criteria for

qualification and launch can be established, and, where necessary,

corrective or compensatory action can be determined at any point in time.

Tentative constraints were set for all subsystems to be employed as

an integrated system on the first flight article, boilerplate 6. These

constraints were reviewed with NASA, Houston, Texas, during 17 to Z0

December 196Z. The results and direction of that meeting will be used to

develop the subsystem constraints for each succeeding flight article. The

intent of this effort is to establish and graphically present the fundamental

information necessary for the decision to fly or to schedule postponement.

From this effort, point-by-point qualification goals for first manned flight

may be reviewed periodically by subsystem and program adjustments made

as required. This effort will constitute a portion of the Multiple System

Tests, SID 62-109-5.

Subsystem Test Activity

Ground rules were established to accomplish the objectives of the

reoriented plan and were applied to each subsystem according to its

-3 -
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respective contribution toward mission success and crew survival. Mission

profiles, dynamic test levels, criticality indices, and minimum test criteria

were formulated for individual systems on the basis of application

considerations. The results of this effort were tabulated as changes to the

originally proposed Qualification-Reliability Test Plan and submitted as part

of the ]Big Four Delta of the reoriented program. A summary of the effected

changes to each subsystem is reported by individual system in the following

paragraphs of this section of the report. It should be noted that reliability

assessment will be accomplished without additional hardware being required

beyond the qualification testing phase; however, any failures encountered will

impose a requirement for additional tests and hardware. In addition to the

changes of the reoriented program, the test requirements and effort

necessary for the effective integration of the lunar excursion module into

the Apollo spacecraft configuration and mission objectives under the

reoriented plan of qualification were developed and presented by individual

subsystem.

4_
-4-
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INTRODU C TION

This section presents a mission success reliability analysis of the

Apollo spacecraft, defines areas where discrepancies exist between the

required and estimated reliability levels, and defines plans for corrective

action.

Estimates were made utilizing state-of-the-art equipment failure

rates and high-reliability part failure rates. A Monte Carlo program

employing IBM 7090 equipment was used for predicting spacecraft

reliability. This report contains a description of the Monte Carlo program

and a justification for its use.

A time-line analysis defining the various functions that must be

performed throughout the mission is included. Each system is described

with an explanation of the use of the components within the subsystem.

Individual equipment reliability estimates are presented. The general

abort criterion described, and the specific equipments within each sub-

system that would cause an abort are listed, and the results of these

analyses are presented and discussed for both high-reliability and

state-of-the-art parts. A list of the on-board spares required for the

electronic subsystems to meet the reliability requirements is included.

During the next period, this analysis will be expanded to include

crew safety calculations and mission success. Any additional system

modifications necessary to meet the crew safety requirements will be

discussed at that time.

-5-
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METHOD OF ANALYSIS

The complexity of the Apollo spacecraft systems coupled with the

complexity of the Apollo mission itself dictates the necessity of a

reliability analysis model that (i) will relate component reliability to

spacecraft reliability, (Z) may be used to apportion the required component

reliability, (3) will facilitate system trade-off studies, and (4) can provide

a means of assessing the status of both the mission and crew safety

reliabilities. The requirements for this model are as follows:

I. Simple program logic

2. Minimum input data

3. Fast reaction to changes

4. Maximum output data per calculation

After thorough investigation, three programs were considered,

equations, combinations of successes and failures, and Monte Carlo

technique using the IBM 7090.

logic

LOGIC EQUATIONS

A typical logic diagram for the Apollo spacecraft is presented in the

upper left-hand portion of Figure I.F-I and F-Z in these diagrams show

the equipment that is required to perform various functions for the various

phases of the mission. Certain features of these diagrams make it extremely

difficult, if not impossible, to calculate reliability by conventional methods.

One feature is the use of component C for two functions. A typical example

is the body-mounted gyros component that has a primary function in the

stabilization and control system, but is used as an alternate mode in the

navigation and guidance system to back up the inertial measuring unit. A

second feature is that a particular component, such as component C, may

function in series for one phase of the mission and function in parallel or as

a redundant component for the second phase of the mission.

A third feature that complicates the problem is the redundancy within

the system for the various phases. This redundancy makes the probability

expressions for phase 1 and phase Z mathematically dependent; hence, those

expressions cannot be multiplied.

-7-
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In evaluating the block diagram algebra approach to reliability

calculations as illustrated in the top right-hand corner of Figure i, it can

be seen that expressions cannot be written for the two phases and simply

multiplied together because of the aforementioned dependency. Furthermore,

this approach of multiplying the reliability cxpressions for the various

functions cannot be used because certain components appear in two functions,

thus making these expressions mathematically dependent. Hence, the

normal approach of using block diagram algebra is virtually impossible to

use for the Apollo system.

COMBINATIONS OF SUCCESSES AND FAILURES

The second program considered was that of appraising all

combinations of successes and failures for the various phases of the

mission, determining the combinations that allow successful completion

of the mission, and calculating the probability of one of these combinations

occurring. As shown in the lower left-hand corner of Figure I, this is

done by determining the probability of each one of these combinations

occurring and then summing these probabilities to determine spacecraft

reliability. This approach precludes the problem of dependency between

functions, but is very time consuming even for one phase of the mission.

The major problem, however, arises in combining the expressions for

the various phases of the mission. To calculate the reliability for a

particular phase, it is necessary to consider all combinations of equipment

with which the previous phase could have been completed. As can be seen

in the chart in the lower left-hand corner of Figure i, it would be necessary

to consider the probability of completing that phase in the primary mode

(i. e. , with everything operating 0. 999) and multiplying this by the

probability of at least one of the alternate modes that are required in the

following phase is operating. To this would be added the product of the

probability of completing the first phase in the first alternate, 0.0049, by

the probability of completing the following phase with that equipment that

was operating the first phase, considering all the alternate modes for the

second phase. This process must be continued for all the modes in which

the first phase can be completed. The same process must be continued for

all phases of the mission. The number of calculations pyramids rapidly as

the process is continued through the mission, and the number of calculations

increases to an astronomical number. The number of calculations that

would have to be performed becomes so high that this method becomes

completely impractical, if not impossible.

MONTE CARLO TECHNIQUE

The third method considered, and the one which w_ d_r4_A ..... ;-

the Monte Carlo or mission simulation technique. This process consists of

-....t _.. - 9 - PN "'r' ........
,,_3.n,li II./il][ I I/'IL
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generating, with a random number generator, the number of failures that

would occur in a particular mission and the time at which they would occur.

Logic diagrams are constructed to define those combinations of equipment

that are necessary to complete each function fo_ each phase of the mission.

The failures are then compared to the logic diagrams to determine whether

or not a mission can be completed with that combination of failures occurring

at the times determined. This process is repeated for a large number of

missions and the percentage of completed missions per attempted mission is

calculated. The major advantage to this approach is that the logic diagrams

need not be mathematically independent as in the other two methods. All

configuration data are fed into the program as input data. Hence, when

configuration changes are made, it is not necessary to modify the basic

program logic but only to modify the input data. The Monte Carlo program,

thereby provides a method that makes it possible to calculate spacecraft

reliability with a reasonable expenditure of manpower and provides a method

that is very flexible.

The procedure evaluation chart, Figure Z, summarizes the evaluation

of the methods of reliability analysis considered. Figure ? clearly favors

the Monte Carlo technique, which has as an additional merit the versatility

of the finished program. Since both the mission and the hardware logic are

compiled by the computer from the input data, any form of a mission desired

may be described, and the program immediately becomes applicable.

INPUT DATA

Two types of input data are required for the reliability model. One

pertains to the system relationships, and the other pertains to the mission

description.

The system data describe the physical relationships of the system,

such as the number of components, failure rates of components, and

relationship between components (i. e. , alternate, primary or dependent),

and the functions the components support. These are originally described by

block diagrams, typical examples of which are shown in a later section of

this report. The mission data describe the time sequence of functions that

the components are required to support and the relations of the functions to

mission success.

Figure 3 depicts the steps taken in the computer simulation. The first

step of the program is to generate, through the use of a random number

generator, operating times to failure for each component based on its

failure rate. These times to failure are then compared with the mission

operating time required of the component for the mission. If all the

components have times to failure that are greater than those required of the

-I0-
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Figure 2. Spacecraft Analysis
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components in the mission, the mission is logged as a success and a new

mission is started. A mission failure is possible if some components have

times to failure less than that required in the mission. These components

are then divided into alternate components, primary components that have

.............. F ....... S, _*_u IJ± iiTlai_y COll]pOii_lltS that do not have alternate

components.

A primary sifting operation is performed on these three groups to

determine if a mission success is possible. The following conditions must

be met to determine a mission success without mission simulation.

i , Alternate components have failed (Group I) but are not required

to function since their primary component has not failed.

Primary components have failed but their alternate components

(Group 2) have not failed.

. No primary components that have no alternate components

(Group 3) have failed.

If the previously described conditions are not met, the components

that may fail in the mission are then tested through the simulation of the

mission. The components to be tested for mission simulation are primary

components that fail in the mission and have no alternate components,

primary components that fail in the mission whose alternate components

may have failed, and those alternate components that fail in the mission

and support primary components that have failed. The failure of these

components may contribute to or cause a mission failure. The mission

simulation begins with the examination of the first time interval. All

components supporting functions that operate in this interval are tested

to see if they have failed during this interval, i. e. , if the accumulated

operating time exceeds the operating time to failure generated for them.

If there is no failure of these components, the time accumulated for each

component is stored, and the next missioninterval is similarily examined.

If a component fails, it is examined to see if it has an operating alternate

component to support it. If not, the mode of operation in the function that

it supports would be failed, and that function would be examined for the

availability of an alternate mode of operation. In the event that neither

an alternate component nor an alternate mode of operation within the

function is available and the function is critical, a mission failure has

occurred. At the point of mission failure, the mission simulation stops,

and the components and functions causing this mission failure are stored

in their appropriate arrays to be printed out when the required number of

missions has been run.

-13 -
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The required number of missions is determined by input stipulation or

through the computation of the confidence level. This confidence level, which

is a function of missions attempted and mission failures, is also stipulated

by input.

PROGRAM OUTPUT DATA

The followlng output data are acquired from this program:

i. Number of missions run

Z. Number of successful missions

3. Number of failed missions

4. Observed reliability

5. Confidence level on observed reliability

6. The number of times mission failure was caused by the failure

of each function

7. The number of missions that failed in each time interval

The output data acquired for each component are as follows:

I. Number of times component was involved in a mission failure

Z. The measure of effectiveness of each component, which is

number of missions run divided by number of times the

component failed

3. Number of times component failure initiated mission failure

4. Number of times component failure terminated the mission

PROGRAM LIMITATIONS

The following are the limitations of the present model and are subject

to improvement with the installation of the IBM 7094 expected by June 1963.

I. A maximum of 300 components

Z. Each component may support a maximum of i0 functions

- 14 -
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3. Each primary component may have a maximum of 12 alternate

components

4. Each component may have ii0 dependent components

5. A maximum of 250 functions

6. Each function may have IZ modes

7. There is a maximum of 59 time intervals

8. A maximum of 400 functions in the time function schedule

9. The maximum number of missions is 3Z,678

DE FINI TIONS

The following definitions are pertinent to the program:

° Component - Any device whose reliability can be expressed as

P_ = e " kt where k is the failure rate (constant by definition

within the limits of the intended mission) in terms of failures per

hour, and t is the operating time in hours.

Primary component - A component that performs in the preferred

mode of operation in a function

° Alternate component - A component that replaces a failed com-

ponent and it is characterized by either of the two types: standby,

an alternate that is turned on only to replace a failed component;

and full-time redundant, an alternate that operates whenever the

component it backs up operates and which can act as a replace-

ment in case of failure of the component it backs up

. Dependent component - A component whose mode of operation is

affected by the failure of another component and has two types:

must fail, a component that must fail when the component on which

it is dependent fails; and must not fail, a component that must not

fail when the component on which it is dependent fails

. Mission - A set of functions occurring in a specified time sequence

and which may be broken into time intervals of nonuniform

length in which various functions are required.

. Function - The characteristic action of a component or group of

components. In the course of a function components acquire

-15-
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operating cycles and/or operating time according to the discrete

operating intervals of a function. A function may be: critical if

its failure results in mission failure or noncritical if its failure

will not cause a mission failure.

-16-
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MISSION PHASE TIME LINE

The lunar orbital rendezvous mission, which was used for the relia-

bility analysis presented in this report, has been broken down into 59 phases

as shown in Table Z. This breakdown was necessary because some of the

equipment is operated for only specific times during the mission. Further-

more, the equipment required to perform functions during particular phases

varies. This is particularly true with the navigation and guidance equipment,

which is operated only when it is necessary to take navigational sightings or

to align the spacecraft for application of delta velocities. At other times

during the mission, the equipment is in operation but is only monitored.

Typical examples of the separate logic block diagrams that were constructed

for each of the 59 phases and are included in the Monte Carlo program are

shown in the next section, Subsystem Analysis.

m

-17 -
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RESULTS OF MISSION SIMULATION

Three Monte Carlo mission simulations were completed for the purpose of

evaluating total system mission success reliability and to establish a new set

of subsystem reliability requirements based on the lunar orbital rendezvous

mission. The results of these studies are presented in Tables 3, 4, and 5.

Table 3 contains an estimate of Apollo system, s_tbsystem, and component

reliabilities based on present state-of-the-art failure rates. Table 4 pre-

sents the results of a similar analysis based on high-reliability parts in the

mechanical subsystem and high-reliability (comparable to Minuteman) parts

in all the electronic systems, except for the guidance and navigation system,

for which Massachusetts Institute of Technology-furnished Polaris parts fail-

ure rates were used. Table 5 contains the results of the analysis based on

high-reliability parts for all subsystems, including the guidance and naviga-

tion. The results of Tables 4 and 5 comprise the new apportionments for the

spacecraft based on the lunar orbital rendezvous mission, since these

results indicate the required spacecraft reliability of 0.965. The results in

Tables 4 and 5 include sufficient spares to bring the estimated reliability up

to the required level, while those of Table 3 include only those spares which

are presently planned for inclusion within the spacecraft.

The input data for the run the results of which are presented in Table 3

utilized failure rates for the present state-of-the-art. These failure rates are

consistent with those being achieved on military aircraft for the mechanical

and electrical subsystems and are based on MIL standard parts for elec-

tronic subsystems, except for the guidance and navigation subsystem, which

utilizes Massachusetts Institute of Technology data. For the booster and the

lunar excursion module, the work statement reliability requirements of 0. 95

and 0.984, respectively, were used. The spares utilized were those which

are presently planned for the spacecraft and have a total weight of i01.7

pounds.

There were 5301 missions simulated for this run, including the C-5

booster and the spacecraft, resulting in a total reliability of 0. 69. The

spacecraft alone is estimated to be approximately 0.74. The confidence

interval was 4-.005 at the 90 percent confidence level. Individual component

and system failures are tabulated in column 3 of Table 3, Column 4 tabu-

lates the reliability of the subsystems and components, computed from the

number of failures.

The input data for the run presented in Table 4 were adjusted to result

in a total spacecraft reliability of 90 percent, including the boosters and

-19-
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Table 3. Apollo Lunar Orbital Rendezvous Mission, Predicted

State-of-the-Art Reliability

Subsystem

Structural and mechanical

Launch escape system

Electric power system

Earth land

Cryogenic, storage

Service module

Reaction control system

Command module

reaction control system

Lunar excursion module*

Environmental control

subsystem

Service propulsion system

Boosters,, _

Electronics

Stabilization and control

Guidance and navigation

Communications and data

Instrumentation

* Apportioned reliabilities

Component

Command module structure

Service module structure

Service module - command

module separation

Lunar excursion module adapter

separation
Lunar excursion module struc-

Cure

Launch escape tower

Launch escape system separation

Battery and inverters
Fuel cell and busses

Oxygen

Hydrogen

Service module - reaction

control system translunar

Service module - reaction

control system transearth

Command module - reaction

control system - total mission
Command module - reaction

control system - entry

0 Z supply
H20 glycol circuit

Water supply

Command module pressure and

•temperature
Recir culation blower

Pressure suit circuit

Fuel system engines

No. of Failures

Causing Mis-
sion Abort

38

15

23

31

Z6

5

28

8

2O

6O

2

31

4

3

3

33

135

!94

Estimated

Reliability

0. 989793

0. 995945

0. 993797

0.991657

0.992993

0.9986

0.992458

0.997833

0.994601

0.984

0.97979Z

0.999457

0.991657

0.998915

0.999186

0.999186

0.9911Z4

0. 964659

0.950000

0.847712

0.8799(,

0.97049

.9934999844

Predicted

State of

the Art

0.99989

0.999947

0.999998

0.999995

0.999994

0.999956

0.99

0.9941

0.99994

0.9965

0.9980

0.9985

0.999357

0. 993473

o. 984

o. 9805

o. 99957

o. 99190

0.9993Z

0.9910

0.96470

I0.950000

0.673030

0.85029

0.95313

0.84151

0.78687

- Z0 -
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Table 4. Apollo Lunar Orbital Rendezvous Mission, Apportioned Reliability

(Polaris Components for Guidance and Navigation)

No. of Failures

Causing Mission

Abort

Estimated

Reliability

Apportioned

Lunar Orbital

RendezvousSubsystem

Structural and mechanical 2 0. 999926 0. 999926 0. 997

Launch escape system 7 0.999741 0.999989 0.999989

Electric power system 31 0.998854 0.9989 0.9955

Earth land 0.99994 0.99994

Cryogenic storage

Apportioned

Direct Flight

0.9989 0.9989

Service module

reaction control system 16 0. 999409 0. 999409 0. 996

Command module

reaction control system 0. 999969 0. 99996

Lunar excursion module 461 0. 983Z35 0. 984

Environmental

control subsystem 63 0.997675 0.997675 0.9935

34 0.998744 0.99977 0.99977

1477 0.948200 0.95 0.95

Service propulsion system

Boosters

Electronics 0. 988901 0. 9771947

Stabilization and control 0. 98972 0. 987735 0. 995

Guidance and navigation

Communications and data

Instrumentation

0.988(,4 0.994558 0.994

0.9949g 0.998502 0.9925'::

0.99857 0.9700011* 0.9955

* Not Included for Mission Success
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Table 5. Apollo Lunar Orbital Rendezvous Mission, Apportioned Reliability

(Minuteman Components for Guidance and Navigation}

No. of Failures

Causing Mission

Subsystem Abort

Structural and mechani-

cal

Launch escape system 6

Electric power system 36

Earth land 1

Cryogenic storage

Service module 18

reaction control system

Command module

reaction control system

Lunar excursion module 424

56Environmental control

subsystem

Estimated

Reliability

0. 99977

0.998665

Apportioned

Lunar Orbital Apportioned

Rendezvous Direct Flight

0.9999Z6 0.997

0.999989

0. 9989 0.995_

0.999962 0.99994 0.99994

0.9989 0.9989

0.999332 0.999409 0.996

0.999969 0.99996

0.984510 0.984

0.997926 0.997675 0.9935

Service propulsion 39 0. 998554 0. 99977 0. 999977

system

Boosters 1496 0. 947407 0.95 0.95

Stabilization and control 0. 975 0. 978641

Guidance and navigation 0. 996 0. 996381

Communications and data 0. 995 0. 995831

Instrumentation 0. 999 0. 998994

- 22 -
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lunar excursion module. This adjustment was made by considering the

levels of reliability practical for the mechanical parts. For the electronic

parts, Minuteman failure rates were used for the stabilization and

control, communications and data, and the instrumentation subsystems,

since this type of part is presently available for utilization in the Apollo

spacecraft. The failure rates used for the guidance and navigation sub-

system were those received from Massachusetts Institute of Technology.

They are consistent with the type of parts presently planned for utilization.

For the boosters and the lunar excursion module the Work Statement relia-

bility requirements of 0. 95 and 0. 984, respectively, were utilized. Based

on the results of previous runs, the number of spares necessary to bring the

reliabilities up to the required level was estimated. Then the number of

spares was included in the Monte Carlo program. This run verifies that

these subsystem reliabilities and spares estimations are consistent with the

overall spacecraft requirement.

There were 27,702 missions simulated for this run, resulting in atotal

reliability of 0.908. The confidence interval was ±.0028 at the 90 percent

confidence level. Individual component and subsystem failures are tabulated

in Column 3 of Table 4. Column 4 tabulates the reliability of the subsystems

computed from this number of failures. Column 5 presents the apportioned

values based on the results of the run and the analyses presented in the sub-

system section. For comparison, the previous subsystem requirements are

listed in Column 6. The spares required to achieve these levels are dis-

cussed in the individual subsystem sections. The total weight for these

spares is 139. i.

A similar procedure was used for the input data of the run represented

in Table 5, except that high-reliability parts failure rates were used in the

guidance and navigation subsystem. The purpose of this run was to deter-

mine the difference in the weight of spares required, when the lower-

reliability parts are utilized in the guidance and navigation subsystem. For

this run, 30,000 missions were simulated, resulting in a total spacecraft

reliability of 0. 898 percent. The confidence interval for the result was

±. 0028 at the 90 percent confidence level. The failures that occurred, reli-

ability for the various subsystems, and the previously apportioned reliabil-

ities are listed in the table. The total weight of the spares utilizing this set

of failure rates is 114. i.

The total effect of the reapportionment in this run was to lower the

reliability requirements on the stabilization and control and guidance sub-

systems and raise the requirements on the instrumentation, communications

and data, and mechanical subsystems. The requirements were raised on the

mechanical subsystems, since the latest analyses indicate that a higher level

of reliability can be achieved 'than was initially indicated. The communica-

tion and data and instrumentation subsystem requirements were raised,

23 -
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because equipment has been removed since the initial apportionment, thus

making it possible to meet a higher reliability level. The stabilization and

control subsystem requirement was lowered from 0.995 to 0.990, which is

equivalent to five failures per 1000 missions versus ten failures per i000

missions. A similar reduction was possible in the guidance and navigation

subsystem, lowering the requirement from 0.994 to 0.989, which is equiva-

lent to six failures per i000 missions versus eleven failures per i000 mis-

sions. This reapportionment and adjustment in the number of spares has

increased the total spares weight from 10Z pounds to 139 pounds.

If Minuteman parts are used in the guidance and navigation subsystem,

(Table 5), a modification in the stabilization and control and guidance and

navigation subsystems requirements could be made. Utilizing these parts,

the guidance and navigation requirement would be raised to 0.996, or four

failures per i000 missions, and the stabilization and control subsystem

requirement would be reduced to 0.975, or Z5 failures per I000 missions.

One of the major reasons that the guidance and navigation requirement would

be higher than the stabilization and control subsystem is that the stabiliza-

tion and control subsystem operates for only a portion of the mission. These

requirements reflect an optimum configuration of spares; i.e. , the spares

are inserted where the greatest reliability increase per pound results. This

configuration would allow a decrease in the total weight of spares from

139 pounds to 114 pounds.

A detailed discussion of the subsystems is contained in the subsystem

analysis section.

PHASE RELIABILITY

Table 6 presents the reliabilities for the various phases of the mission

using high-reliability mechanical parts, Polaris parts for the guidance and

navigation subsystem, and Minuteman parts on the other electronic sub-

systems. Mission phases I, Z, 3, and 5 have low reliability, primarily due

to the boosters which have a combined reliability of 0.95. Mission phase 4,

the earth orbit stay period, has a relatively low reliability, since all space-

craft equipment is checked out during this period. Further analysis of the

mission phases shows low reliability during those periods of navigational

sightings and midcourse corrections in which the electronic and propulsion

equipment is under high stress. Expected low reliabilities occur during the

lunar operational phases, due to the requirement of operating both space-

craft and lunar excursion module equipment. The high reliability in the

transearth phases of the mission is the result of utilizing all the back-up

modes available in the spacecraft, the philosophy being that a safe return

after the successful completion of lunar operations is a mission success.
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The high number of failures occurring in the entry portion of the mis-

sion are primarily in the electronic equipment, indicating that improvement

is necessary in this area. Even though the mission requirement for the

spacecraft of 0. 90 reliability is achieved, failures in this phase of the mis-

sion result in crew loss and subsequently effect the crew safety reliability

requirement for the spacecraft of 0. 999.

The reliability degradation curve (Figure 4) shows the probability of

reaching certain phases of the mission. In addition, the degree of disconti-

nuity of the curve indicates the criticality of the mission phases. This curve

further shows the undesirability of performing a serial reliability analysis

of the Apollo spacecraft, since the degree of discontinuity at various phases

of the mission precludes the application of an exponential failure density dis-

tribution to the Apollo spacecraft in the Apollo mission.
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SUMMARY

This section contains the logic diagrams that define the equipment nec-

essary for mission success. The diagrams are presented for the various

phases of the mission, as described in the previous section, Mission Phase

Time Line. The diagrams show the equipments that must operate success-

fully to preclude an abort up to lunar excursion module rendezvous and dock-

ing. From this time to earth landing, any combinations of equipments which

will allow successful return to earth are considered sufficient for mission

success and are so shown on the diagrams. Blocks that appear in a contin-

uous chain are serial equipments; that is, each must operate properly in

order to successfully complete the mission. ]Equipments shown in parallel

are redundant to one another; i.e., either path may be followed for success-

ful mission completion. Where parallel equipments are connected with

arrowheads, the alternate component is either an on-board spare or is in

stand-by redundancy, which means it does not operate until the primary com-

ponent fails. While the total analysis contains approximately i00 diagrams,

only typical examples are presented in this report.

O
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LOGIC DIAGRAMS AND SUBSYSTEM OPERATION

@

The first block diagram shown, Figure 5, covers the time phase of

earth orbit. During this phase, it is required that all equipment operate

without failure or that a spare part be available to replace a failed compo-

nent; hence, all of the navigation and guidance, stabilization and control, and

telecommunications equipment that operates during this phase is shown in

series. Although this equipment is not being utilized to perform the guidance

and control function, which is performed by S-IV equipment, these parts are

operating, and their failure would cause a mission abort. Spare parts car-

ried on bQard would replace the flight director attitude indicator, the delta

velocity indicator, the audio center or the VHF/AM transceiver, and one of

the three environmental control system units. Hence, in the event of failure

of only these modules, the module would be replaced and the mission con-

tinued. The service module - service propulsion system, service module -

reaction control system, command module - reaction control system, earth

landing system, and command module - forward heat shield are not shown in

Phase I because they are in a quiescent state. Redundancies are available

for crew safety in the environmental control system, electrical power sys-

tem, and cryogenic storage system; however, these redundancies cannot be

considered for mission success. Should one of the redundant crew safety

components fail in Phase I, the mission would be aborted. The service

module to command module separation mechanism is not called upon to

operate within Phase I and is left out of the structure.

Figure 6 indicates the equipment necessary during the translunar phase.

The most necessary function performed by the electronic equipment during

this phase is that of midcourse correction. The first function is that of

inertial measurement units alinement. This is done by placing the space-

craft in the automatic control mode, rotating the spacecraft to a position

from which a stellar sighting can be made, stabilizing the spacecraft in

this position, and sighting a star with the sextant. The spacecraft is then

held in a stabilized position while the inertial measurement unit is being

automatically erected, utilizing the guidance and navigation equipment.

Hence, the navigational and control equipments, except the spare parts for

the electronic control assemblies and the three-axis rotational control,

are all shown in series for this function, since an abort would be indicated

in the event of a failure. The DSIF transponder and audio center are also

shown in series because they provide backup for the navigational equipment.

In the event of their failure, the mission would be aborted, since no

DSIF equipment and the audio center. Further redundancy exists within the

-31
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audio center, a unit being provided for each crew member, any one of which

can be utilized for communications. The Zkmc high-gain antenna is the

normal mode of operation, but this equipment is backed up by the power

amplifier and the discone antenna. A spare power amplifier is also provided.

The service module - service propulsion system is fired for midcourse

correction and lunar orbit injection. Subsequent time within Phase II is

considered crew safety for this system (Phase III diagram). All other

systems, except service module - reaction control system, must operate

until lunar excursion module ascent from the lunar surface to qualify for

mission success. The command module - reaction control system, earth

landing system, service module - command module separation mechanism,

and command module - forward heat shield are still omitted. Even though

environmental control system redundancies cannot be used during this phase,

the load is reduced to one-third after lunar excursion module separation

from command module. The service module - reaction control system has

its most difficult task during lunar excursion module rendezvous and docking.

Not only must attitude control be maintained, but also translation in all

directions must be available. More complete definition of the docking

method is required before relaxation of these functions can be allowed. Mis-

sion success logic must then apply to the service module reaction control

system through lunar excursion module docking. Helium regulators within

the service module - service propulsion system are not considered an abort

item, because no means is available for detecting a failed closed condition.

The third phase (Figure 7), covers a time period from lunar excursion

module rendezvous to entry. Since no aborts are possible during this phase,

all modes of operation which are possible for navigation and guidance are

considered adequate for mission success. This block diagram does not

show the primary modes of operation, which are identical to those utilized

in the translunar phase, but only shows the minimum equipments necessary

to successfully complete the mission.

The first function performed during this phase is the establishment of

an angular inertial reference, using either the inertial measurement unit or

the body-mounted attitude gyro. When the inertial measurement unit is being

utilized, the equipment shown in series with it is also required. This

includes the coupling display unit, a power and servo amplifier, and the

Apollo guidance computer. If the body-mounted attitude gyro is being used

because of an inertial measurement unit failure, it is also necessary to

utilize the flight director attitude indicator. During this alinement process,

the automatic stabilization system will normally be used, which includes the

electronic control assembly, stabilization and control system control panel,

three axis rotational control, and the rate gyro package. The three axis

rotational control is provided with a spare, as is the electronic control

assembly, in the event of a failure of the electronic control assembly and

its spare, the manual emergency control is used.
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The next function to be performed is the determination of the required

_V for midcourse correction. This could be determined either through the

use of the guidance and navigation equipment, including the inertial measure-

ment unit, Apollo guidance computer, coupling display unit, and power servo

amplifier, or communication with earth through the DS!F and GOSS equip-

ment. Communication with earth can be achieved through the discone

antenna, utilizing the power amplifier. Also required for communication is

one of the three audio centers, or if these are failed, the key used in con-

junction with the central timing equipment is necessary, since timing data

cannot be transmitted via cw.

The next function, the rotation of the spacecraft prior to application

delta velocity, is achieved, using either the automatic or manual stabiliza-

tion and control equipment described for the inertial measurement unit

alinement phase. These equipments are also utilized for stabilization of

the spacecraft during the AV application. The control of the AV application

is normally through the use of the inertial measurement unit, Apollo guid-

ance computer, and associated equipment. In the event of failure of this

equipment, the AV!s can be manually applied, using the stabilization and

control system accelerometer package and the AV indicator. Two propulsion

means are available for this AV application: (i) fine control with aft firing

service module - reaction control engines and (Z) course control with the

service module - service propulsion system. The magnitude of correction

by the service module - reaction control system is limited to the availability

of the propellants in tanks and quadrants still working. The service module -

service propulsion system is the only means for transearth injection and is

dependent, in general, on the operation of single elements; i.e. chamber,

injector, flexible piping, fuel tank, oxidizer tank, and helium tanks. Many

items can now be considered in full redundancy for crew safety, because any

means of safe return is acceptable. For example, one main propellant valve

set (oxidizer and fuel) can fail, either open or closed, and another valve set

will be available for functional replacement. One quadrant of the service

module - reaction control system can fail and the attitude control, propellant

settling, and separation functions will be retained. Translation in one direc-

tion will be lost, but the need for three-axistranslation will be past. Opposite

quadrants must be retained for settling propellants or separating com-

mand module from service module, and one adjacent quadrant must be

available for pitch or yaw. The electrical power system becomes entirely

redundant; any one fuel cell out of three, either d-c bus; any one inverter out

of three, either a-c bus, and any two batteries out of three. The command

module and service module structures are still required, but the anticipated

margins of safety and internal redundancies make this a highly reliable sys-

tem. Omitted from Phase III are the command module - reaction control

system, earth landing system, and command module - forward heat shield.

41

SID 6Z-557-4



NORTH AMERICAN AVIATION, INC. SPACE and INFORN[ATION SYSTEMS DIVISION

The final phase is the entry phase (Figure 8). The basic mode of opera-

tion for this phase utilizes the guidance equipment and the automatic control

electronics. A spare electronic control assembly is carried. The first

alternate mode of operation is through the use of the entry corridor display.

The spacecraft can be controlled either through the use of the automatic

equipment, including the electronic control assembly and rate gyro package,

or in the event of failure, through the use of the manual emergency controls.

In either case, the three-axis rotational control must be utilized. The

tertiary mode of operation is through the use of communication equipment via

the VHF/AM transceiver, utilizing the discone antenna and GOSS. A spare

VHF transceiver is provided. The C-band transponder and antenna are

required for spacecraft tracking. As shown in previous diagrams, the audio

center is also required. Jettisonning of the service module deletes any tra-

jectory correction until atmosphere reentry. Attitude control until drogue

chute deployment is provided by redundant halves of the command module-

reaction control system. Electrical power is provided by batteries alone,

any two out of three.

All elements of command module structure are required for this maneu-

ver of reentry, including the forward heat shield, a single, critical element

without redundancy. Earth landing system is redundant internally; i.e. ,

redundant circuits for aft heat shield release mechanism, redundant baro-

switches and circuits is the sequencer, a redundant main parachute, and

several recovery aids which are redundant among themselves.
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ABORT CRITERIA

Table 7 is a list of the Apollo equipments which are construed to be

mission essential and which, if they fail, will cause the mission to be

aborted. This list is given by individual subsystems. An equipment is con-

sidered as having failed only after failure of all redundancy (operational or

standby), as well as all spares. The abort criteria is based upon the con-

sideration that the mission will be aborted if sufficient failures occur in

operating systems or equipment, so that one additional failure would elim-

inate the capability of safe abort. This criterion may be modified in indi-

vidual cases, if it is determined that an unacceptable trade-off between

mission success and crew safety reliability will be produced. Examples of

equipment to which the above criteria do not apply are the launch escape

tower, the sensors, the command module reaction control system, the heat

shield, the communication and data subsystem recovery equipment, and the

radiation detection equipment.
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Table 7. Abort Criteria

Subsystem

Guidance and navigation

Instrumentation

Communications and data

Stabilization and control

Equipments

Inertial measuring unit

Power servo assembly

Scanning telescope
Sextant

Coupling display unit

Apollo guidance computer

Central timing equipment

Deep space instrumentation facility trans-

ponder

C-Band transponder

Signal conditioner

Audio center plus key

gkmc high-air antenna plus the deep space

instrumentation facility power

Amplifier or, plus the VHF/Zkmc omni-

antenna

Near earth only, prior to lunar inject:

VHF/2kmc omni- antenna

Pulse code modulator

Premodulation processor

VHF/AM transceiver

Audio center (3 of 4 units)

VHF/FM transmitter or pulse code modu-

Lator or premodulation processor plus

in-flight test system

Electronic control assembly (2 of 4 units)

Body mounted attitude gyro

Stabilization control subsystem control

panel

Rate gyro package

Three-axis rotational control

Flight director attitude indicator

Delta V indicator

Accelerometer package

Command module structures (0. 500 inch

hole or greater)

Service module propulsion (launch to 4th

midcour se correction)

Environmental Control Suit circuit (I of 2 units)

Water-glycol pumps (I of 2 units)

Electrical power Fuel cells (2 of 3 units)

Batteries (2 of 3 units)

AC bus (I of 2 units)

DC bus (I of 2 units)

Cryogenic storage Circuits (l of 4 units)

Service Module reaction control Quadrants (I of 4 units)
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METHOD OF ANALYSIS

PROBABILITY DENSITY FUNCTION

This section presents the derivation of two probability density functions

required for evaluation of certain Apollo subsystem configurations. The

specific subsystems reqniring evaluation by use of these functions are clas-

sified as being essential to crew safety and include: (I) the environmental

control subsystem, (Z) the electrical power subsystem, and (3) the cryogenic

storage subsystem. These density functions are derived for evaluation of

two-element configurations (e.g., fans, compressors, and oxygen supply

units) and three element configurations (e.g., inverters and fuel cells) and

are based on the abort criteria defined in the previous section.

Definitions

To obtain precise definitions of the reliability terms as they apply to

the Apollo Mission, it is necessary to divide the mission into phases

consistent with the requirements.

Mission Success

The success for the complete mission is equal to the product of the

mission success for each phase. The mission success for each phase (up to

transearth inject) is based upon the probability of successful completion of

that particular phase without a failure that would require abort. The mission

success from transearth inject on is based upon the probability of the return

to earth without a failure that would exceed the emergency limits of the crew.

In the mathematical models for mission success of each phase, it was neces-

sary to incorporate the conditional probability of survival up to that particu-

lar phase.

Mission Failure

The mission failure for each phase up to transearth inject is the

probability that the mission will be modified to return to earth prior to its

completion. After transearth inject, it is impossible to modify the mission

since this is the earth return portion of the mission.
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Safe Abort

Safe abort for every phase up to transearth inject is equal to the

probability that after mission failure occurs no additional failures will occur

that will subject the crew to emergency conditions. After transearth inject,

it is impossible to incorporate safe abort since the return-to-earth portion

of the mission can not be modified.

Crew Safety

The crew safety for each phase up to transearth inject is defined as the

mission success reliability plus the product of the probabilities of mission

failure and safe abort for that particular phase of the mission. The crew

safety definition from transearth inject to earth return is the same as the

mission success definition for that particular phase of the mission. The

crew safety for the complete mission is equal to the product of the crew

safety reliabilities for each phase of the mission.

Abort Criteria

As a general rule, the mission will be aborted when no mode of

operation is available to backup failed equipment.

Mission Phases

For the purpose of mathematical analysis, the mission was divided into

four phases.

Phase one - earth launch through earth orbit - 4.7 hrs

Phase two - translunar inject to lunar orbit - 77. 17 hrs

Phase three - lunar orbit through LEM stay period one - 64.73 hrs

Phase four - transearthinject through S/M-C/M separation - 189. 39

hrs

Assumptions

l* The failure rates were assumed to be constant with respect to

time.

Z. The units are assumed to have the same failure rate.

3. The units are assumed to be in an operational mode.

- 48 -
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.

The failure of any one unit will not affect the function of the

remaining units.

The assumption was made that each unit would have at least one

alternate mode.

Notation

PMS = probability of mission success

QMS = probability of mission failure

PSA = probability of safe abort

PCS = probability of crew safety

Lack of subscrfpts designates total mission.

Subscript one is used to designate symbols for Phase I of the mission.

Subscript two is used to designate symbols for Phase II of the mission.

Subscript three is used to designate symbols for Phase III ofthemission.

Subscript four is usedtodesignate symbols for Phase IV of the mission.

Mathematical Models for Mission Success and Crew Safety

Using the definitions, assumptions, and notations described herein,

the mission success and crew safety was determined for two examples. The

requirements for both examples were identical as follows:

Mission Requirements

Mission success

Phase I

Phase II

Phase III

Phase IV

- two units required

- two units required

- two units required

- one unit required

- 49 -
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Crew safety

One unit required during all phases

To determine the relationship between various time functions due to

mission phases, it was necessary to consider the past history of the system.

This was accomplished by utilizing the concept of conditional probability.

The conditional probability of failure in any time interval T 1 to T Z can be

expressed as follows:

T/TZ f(t) dt

1
F = (1)

T I - T z fTl

1 - J f(t) at

where

F

T 1

f (t)

= Probability of failure in the time interval T 1
- T Z

= Probability density function of time, t

It should be noted that

to T Z

dR
f (t)

dt

and

a (t) = l- ft
0

f(t) dt

where

R (t) = The system reliability as a function of time, t.

The conditional probability of survival in the time interval T Z to T 1 is

T Z

f f (t) dt
T

1
P = I-F = 1- (Z)

S T 1 - T Z fr 11 - f (t) dt

0
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T 1when R (t) is substituted for 1 - f (t) dt in equation (Z) the result is

0

±

T/ Z f (t) at

Ps = 1- RT 1 (3)

The following mathematical models are based upon the application of

the type of relationship shown in Equation 3.

EXAMPLE ONE:

Reliability analysis of two units operation in a parallel arrangement.

I. Phase One

(a) Probability of mission success:

P = 1 -
MS

1

T Z
T f(t) dt

1

R

T 1

RT 1

f (t)

The probability that the required units will be

working at time, T I. In Phase I T 1 is equal to

zero; therefore, RT 1 is equal to unity.

dR

dt

Zk t Zk t
R = e - .'. f(t) = Z k e

P

MS 1

= i-

4.7

f(t) dt

0

RT 0

-51 - 1"kA_ I .......

tJUl_ll lULl| ! IML

SID 6Z-557-4



NORTH AMERICAN AVIATION, NC.

.J

SPACE and INFORI_iATION SYSTEMS DIVISION

since

4.7 -Zk t
RT0 = 1 _S1 = 1 - 0 Z k e dt

-9.4k

PMS 1 = e (a)

(b) Probability of mission failure:

Q_, = I -P = l-eS MS
1 1

-9.4k

-9.4k

QMS 1 = 1 - e (b)

(c) Probability of safe abort:

It was assumed that if a mission failure occurred in Phase I

it would require only one hour to return to earth. Therefore s

the remaining unit would have to operate for one hour. Based

upon the definitions and assumption;

-k

PSA 1 = e (c)

(d) Probability of crew safety:

The probability of crew safety during Phase I can be obtained

by using equations (a), (b), and (c).

= + QMS 1PCS 1 PMS 1 • PSA 1

-9.4 k -9.4k -k

PC SI = e + (i - e ) e

5Z-

SID 62-557-4



NORTH AMERICAN SPACE and INFOR_IATION SYSTEMS DIVISION

2. Phase Two

(a) Probability of mission success

PMS = i -
2

f T3 f (t) d t
T"

2

PMS2 = 1 -

4.7/81" 87 f (t) dt

R4.7

f (t) = 2k
-Zk t

e

P -- 1 -
MS

2

4.7 f8 i.

87
-Zk

Zk e

-9.4k
e

t
dt

-Zk t 81.87 ]
1 - [-e ]4.7

-9.4
e

-163.74 k -9.4 kr
= 1 _|-e +e

PMSz [ e -9.4 k

-163.74 k
e

-9.4k
e

(a)

(b) Probability of mission failure

QMS2 = i - PMSz

Q

MS Z

e
-163.74k -9.4k

- e

-9.4?,
e

= 1 -

-163.74 k
e

-9.4k
e
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(c) Probability of safe abort

The probability of safe abort during Phase II is dependent on

the time, t, at which a failure occurs which necessitates an

abort. The time "t" is unknown, therefore, the probability

of safe abort is expressed as a function of "t" The maxi-

mum time required for an abort in Phase II was assumed to

be 154. 34, therfore, the time required to abort would be

equal to (154.34 - "t"). Utilizing Equation (3) the probability

of safe abort is

PSA 2

154.34

f f(t) dt

t

PSA z = i - Rt

(t)

-k t -k t
R = e .. f (t) = k e

p

SAz(t )

P

SAz(t)

Q MS 2 =

• QMs 2 =

154.34

f
t

-kt
k e dt

-kt
e

-154.34k -kt

-e +e

-kt
e

8

4.7

1.87
d

_T QhlSZ d t

81.87 d QMS 2

f PSA2(t) dt4.7

81.87

f
4.7

-154.34 k
e

-X.t
e

-154.34 k
e

P

0

-kt
e

dt

P

SAz(t )

-kt

Zk e

-9.4k
e

dt (e)

54-
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(d) Probability of crew safety

The probability of crew safety in Phase II is obtained by

using Equations d and e.

P = P + Q . P

C& 2 MS Z MSz SAz

-163.74 k -9.4k]
P = 1 - e - e

' -9:4 +
CSz "' e

3. Phase three

81.87

f e -154.34k [[Z-kt
4.7 e

-kt
k e

-9.4k
e

dt

(a) Probability of mission success

P = i -

MS 3

T
f(t) dt

T
3

R T
3

f (t) = Zk
-2k t

e

P = 1
MS

3

. 146.6

81.87
Zk

-Zk
e

-163.74 k
e

t
dt

e
-193. Z k

-163.74 k

(b) Probability of mission failure

= 1 -P = 1 -

8 3 MS 3

7 -z93. z k= 1 _ e
s 3 163.74 k

-293. Z kk.]

e

-163.T$
e

55-
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(c) Probability of safe abort

It was assumed that if a failure requiring abort occurred in

Phase IIIit would require 65 hours to return to earth. There-

fore, the probability of safe abort is a constant in Phase LII.

The probability of safe abort is

PSA 3

-65 k
---- e

.

(d) Probability of crew safety

The probability of crew safety in Phase III is:

PCS3 = PMS3 + QMS3 " PSA3

-Z93.2 kPC = e -163 74 k
$3 e "

+ 1 - e -65
k

163 74 k
e

Phase four

(a) Probability of mission success

P -- I -

MS 4 Rt4

T fJ T5 f (t) d t
4

According to the mission requirement only one unit is

required for mission success and crew safety, therefore

-2k t -k t -k t
R =- e + Ze (1-e )

-Zk t -k t -Zk t
R = e +-2e - Ze

-k t -2k t
R = 2e - e

dR _ [- Zk e- k t - 2 k t
f(t) - dt + Zk e ]

-k t -2k t
f(t) = ZX e -2k e

- 56 - -CG;i;';5- ;;71AL
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R = Z e
t 4

-146.6>, -Z93.2 k
- e

f 335, 94
-k t -Z_ t,

J (ZX e -2k e , dt
146. 6

P =

MS 4 1 - .146.6 k -293.2 k
Ze -e

P = 1 -

MS
4

335.94
-k t

[ 2 e ]146.6

-146.6 k
2e

335.94

[ -e- Zk t]

146.6

-293.2 k
e

(b) Probability of crew safety

According to the definitions stated within, the probability of

crew safety in Phase IV is equal to the probability of mission

success in Phase IV.

_S = PMS
4 4

5. Over-all mission success

The probability of mission success for the complete mission is

P = P P P P

MS MS 1 MS2 MS3 MS4

0

1 Over-all crew safety

The probability of crew safety for the complete mission is

P )(PMs2+O= + P.A 1 MS ZCS S; 1 QMS 1

S QMS SA_ MS 4
3 3 _ j
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= PCS ZPCS PCS 1 PCS 3" PCS 4

EXAMPLE TWO:

Reliability analysis of three units operating in a parallel arrangement.

i. Phase one

(a) Probability of mission success

T fTl f(t) dt

0

PMSI = 1 -

1 RT.6

-3k t -2k t -k t
R = e + 3e (l-e

-3k t -Zt
-Ze + 3e

...

dR -3k t

f(t) - dt - (6k e -6k e
-ZK t)

RT 0
= unity for phase one

4.7

PMSI = 1 - f ( - 6k e
0

- 3k t
+ 6k e

-Zk t
)dt

PMS = I- [Ze
1

-3k t
- 3e

-Zk
4.7

t]
0

(b) Probability of mission failure

QMS1 = 1 - PMS1

-3k t
QMS = [ 2 e - 3 e

1

-Zk t
4.7

]
0

-58 -
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(c) Probability of safe abort

The assumption stated in Example One concerning an abort

in Phase I was applied

-k
P = e

SA 1

(d) Probability of crew safety

The probability of crew safety in Phase I is

= + QMS " PSA 1PCSI PMSI 1

p __

CS
1

-3X t -Zk t
1-[ Ze - 3e ]

4.7
-3k t -ZN t -k

[ Ze - 3e ]
0

4.7

0

e

2. Phase two

(a) Probability of mission success

Tf Tz f (t) dt
1

PMS Z = 1 - RTI

- 3k t - ZK t
R = -Ze + 3e

_ - 3k t -Zk tdR. 6k e +6k e
f (t) = -

dt

R4. 7 = - Ze

-14.1 k - 9.4k
+ 3 e

81.8 - 3 k t-(6k e - 6k

4.7
PAff_ = 1

.... _. - Z e

-2k t
e

_14. 1 k
+ 3e

el A A
- 7" "-I" tx

) dt

59-I
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P
MS z = 1 -I [ z e

81..8
3k t -Xk t

]4.7+ [ -3e ]

- 14.1 k - 9.4k
-Ze +3e

(b) Probability of mission failure

81.8

4.7

QMS I = I - PMS Z

81.8 81.8
-3k t -Zk t

[ a e ] 4.7 + [ - 3 e ] 4.7

QMSz = - 2 e - 14. 1 k + 3 e - 9.4 k

1

(c)

P

SA Z •

Probability of safe abort

As stated in Example One, the probability of safe abort in

Phase II is a function of time.

PSAz(t) =

R =

PSAz(t) =

_

e

_

154.34

f f (t) dt
t

R
t

-k t
.. f(t)

tf154.34 _. e

-k

-k t
e

dt

P

SAz(t)

QMS Z =

154.34 k
e -

d QMS Z dt

dt

P

f SA Z

0

P

SAz(t )

-60 -

SID 6Z-557-4
_???'_FICT:T:AL"



NORTH AMERICAN AVIAT ON, INC.
j:, SPACE and INF()IL_.|ATI()N S'I'STENIS DIVISION

PSA 2 • QMS 2 =

8 i. 87 d QMS 2

P dt

4.7 SAz(t)

81.87

-154.34 k
QMSz = ePSA Z - k t

4.7 e

dt

-3k t Zk t
- 6k e +6k e

- 14.1 k - 9.4k
-2e + 3e

(d) Probability of crew safety

The probability of crew safety is;

: P + QMS Z PPCS Z MS Z SA Z

3. Phase three

dt

(a) P1"obability of mission success

m = 1 -

MS 3

T3 f (t) dt
T
Z

RT Z

- 3k t -Zk t
Ze + 3e

f (t)

RT Z

P = 1

MS 3

- 3k t -Zk t
6k e + 6k e

Z45.61 k 163.74 k
Ze + 3e

- 3k t Zk
(- 6k e + 6k e t) dt

- Z45.61 k - 163.74 ,k
-2e + 3e

-61 -
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• 41t_

146.61

- 3× t I - zx
[ 2 e J 81.87 ÷ [ - 3 e

P = i-
- Z45.61 k - 163.74k

MS3 - Ze + 3e

146.61

t] 81.87

(b) Probability of mission failure

QMS 3 = 1 - PMS 3

QMS 3

146.61
- 3k t

[ Z e ] 81.87

-Zk
146.61

t] 81.87

- Z45.61 k - 163.74 k
-Ze + 3e

(c) Probability of safe abort

As stated in Example One,

Phase III is a constant

PSA
3

= e

- 65),.

the probability of safe abort in

(d) Probability of crew safety

PCS 3 = PMS 3 + QMS 3

• P

SA 3

4. Phase four

(a) Probability of mission success

P = i -

MS 4 R T
3

T jT4f f (t) dt

3

3X t -Zk t
R = e +3e

-2k t k
3e (i- e

- 3k t -Zk
R = e -3e

(1- e

t Z
)

t
+ 3e

-k t

X t

-6g -
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f (t)
dR - 3k t - Zk t - k t

=-_ = 3k e -6k e + 3 k e
dt

R T
-3

P

MS 4

= 1 -

- 439.8 k - 293. Z k - 146.6 k
e -3e +3e

335. 94

f -3k t -Zk t
146.6 (3k e -6k e +

- 439.8 k Z93. Z k
e -3e +

-K t
3K e )dt

146.6 k
3e

P
MS

4

= 1

- e

e

3k t -Zk t
+3e -3e

-k
335.94

t

]146.6

439.8 k. - Z93. Z k - 146.6 k
-3e + 3e

(b) Probability of crew safety

PCS 4 = PMS 4

. Over-all mission success

The probability of mission success for the complete mission is

• P PMS 3 PPMS = PMS 1 MS Z MS 4

6. Over-all crew safety

The probability of crew safety for the complete mission is;

PCS = [(PMsI+ QMS 1 " PSA_.I)" (PMsz+ QMSz" PSAz)"

P = P
GS CS

1 PGS Z" PGS 3" PGS 4
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MECHANICAL SUBSYSTEMS

This section contains a description of all mechanical

subsystems within the spacecraft and the various compon-

ents within the subsystems. The reliability estimates for

these individual components and subsystems are of second-

ary importance; the total spacecraft reliability, described

in a later section that includes the backup of components

within one subsystem by components in another, gives a

more important evaluation of the subsystem.
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CRYOGENIC STORAGE SUBSYSTEM

Accomplishments on the cryogenic storage subsystem during the past

quarter include completion of reliability predictions for the present system

configuration, preparation of adetailed failure effects analysis, and an

evaluation of a simplified system configuration proposed by design engineer-

ing for increasing the inherent reliability of the system. Table 8

summarizes the results of this analysis and compares the reliability of the

two configurations with the requirements.

Table 8. Reliability Analysis Results

Configuration Mission Success Crew Safety

Present design

Simplified de sign

Requirement

0.9946

O.9965

0.9989

0.99977

0.99996

0.99999

Future activity planned for analysis of this subsystem will include a

concerted effort with the design group to further simplify the system design.

A detailed failure effects analysis of the modified configuration will be

prepared.

CONFIGURATION ANALYSIS

Subsystem De scription

The cryogenic storage subsystem is used to provide reactant supply to

the electrical power subsystem fuel cells and oxygen supply to the environ-

mental control subsystem. The components of the subsystem are listed in

Table 9.

- 67 -
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Table 9. Cryogenic Storage Subsystem Components

Oxygen Hydroge n

Function Symbol Function Symbol

Supply (include s

distribution)

Purge

Fittings

Lines

Controls

R 1

R 2

R 3

R 4

R 5

Supply (include s

dis tribution)

Purge

Fittings

Lines

Controls

R 6

R 7

R 8

R 9

RI0

Abort Criteria

The mission shall be aborted any time a failure occurs of such a

nature that a subsequent failure would mean the loss of the crew.

Present Design

A reliabilityanalysis of thepresent system configuration was performed

to evaluate its capability to meet reliability requirements. Concurrently, a

failure effects analysis of the design was completed. The results ofthisanal-

ysis are shown in Table iZ at the end of this section. This analysis studied

the possible modes of failure of the system and its components. The analysis

revealed possible solutions for the various problems which may occur as a

result of one or more failures. The results of this analysis form the logic

for the block diagrams and math models included in this report. Results of

the analysis indicated that the present system is too complex, thereby com-

promising system reliability. Figure 9 presents a schematic of this subsystem.

Mission Success

The total probability of success for the cryogenic storage subsystem is

determined by calculating the probability that no failure(s) will occur which

would require the mission to be aborted during the first 146 hours and the

probability of safe return during the last 190 hours. (This last probability

is identical to the logic of crew safety.) Figure i0 presents a logic block

diagram for the first 146 hours of the mission. Although Figure ii presents

a logic block diagram for crew safety for 336 hours, it is also representative

of mission success for the last 190 hours.

lillll .,._
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Figure 1 1. Cryogenic Storage System Crew Safety Logic Diagram - Present Design
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Sys tern Equation

R

where:

system oxygen °xygen2 )21 RZhy d

R

R

oxygen

oxygen I

= R 1 x R 2x R 3 x R 4 x R 5 (see Table 9)

= Reliability of oxygen subsystem for 146 hours

R

oxygen Z
= Reliability of oxygen subsystem for 190 hours

R

R

hydrogen

hydrogen 1

= R 6 xR 7 x R 8 x R 9 x RI0 (see Table 9)

= Reliability of hydrogen system for 146 hours

R hydr°genz Reliability of hydrogen system for 190 hours

R

system
= 5356 aborts/million missions (figures based on data

from Table I0)

Crew Safety

The safety of the crew during the mission is determined by calculating

the probability that a sufficient supply of reactants to the fuel cells and a

sufficient supply of oxygen to the crew will be provided throughout the

mission. Figurellpresents a logic diagram for the crew safety probability.

System Equation

Equations used in evaluating the crew safety are based on the

probability density function derivation.

R

R

oxygen

oxygen

= R 1 x R 2 xR 3 x R 4 x R 5 (See Table 9)

= Reliability of the oxygen subsystem for 336 hours
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pIF-Irl[l--_ "w-. -- -
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R

R

R

hydrogen

hydrogen

system

= R 6 x R 7x R 8 x R 9 x R10 (See Table 9)

= Reliability of the hydrogen subsystem for 336 hours

--,,-_LureslmiLL1on missions (Figures based on data

from Table ll)

Simplified Subsystem Design

A reliability analysis was performed to determine what effect

simplification of the subject system would have on crew safety and on

mission abort probability. The simplified design schematic is shown in

Figure 12.

As a result of this analysis, it has been determined that a significant

increase in system reliability has been effected by the efforts to simplify

system design_ however, the requirements for mission success and crew

safety have not as yet been met. Table 11 presents the results of the

analysis and compares the estimates with the requirements.

Table Ii. Results of Reliability Analysis for Crew Safety

and Mission Success

Re sults of

Configuration Analysis

Present design

Simplified de sign

Reliability objective

(No greater than)

Crew Safety

232 failures per

million missions

43 failures per

million mis sions

No greater than

10 failures per

million missions

Abo r t

Probability

5356 aborts per

million missions

3504 aborts per

million mis sions

No greater than

II00 aborts per

million missions

Note: Figures based on state-of-the-art data
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Figure 12. Cryogenic Storage Subsystem Simplified Design
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Mission Success

The mission success probability for the cryogenic storage subsystem

is determined by calculating the probability that no failure(s) will occur that

would require the mission to be aborted during the first 146 hours and the

probability of safe return dl_r_g t_e l_st 190 _ ..... ,LI_............. _u, _ _L.e latter probability

logic is identical to the logic for crew safety). Figure 13 presents a logic

diagram for the remaining 190 hours of the mission success probability.

System Equation

= R 2 i - (i -R
R system oxygen I

2 R 2
oxygen 2 hydrogen I

i )2
- (i - Rhydrogen2

where:

= R x R Z x R 3 x R 4 x R 5 (See Table 9)R oxygen 1

oxygen I

oxygen Z

Reliability of oxygen subsystem for 146 hours

Reliability of oxygen subsystem for 190 hours

Rhydrogen = R 6 xR 7 x R 8 x R 9 x RI0 (See Table 9)

hydrogen I
Reliability of hydrogen subsystem for 146 hours

Rhydrogen Z .Reliability of hydrogen subsystem for 190 hours

R
system

= 3504 aborts/million missions (Figures based on data

from Table I0. )

Crew Safety

The safety of the crew during the mission is determined by calculating

the probability that a sufficient supply of reactants to the fuel cells and a

sufficient supply of oxygen to the crew will be provided throughout the mis-

sion. Figure 14 presents a logic diagram for the crew safety probability.
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t

System Equation

Equations used in evaluating the crew safety are based on the density

function derivation shown in the Subsystem Method of Analysis section.

Where:

Roxygen = R 1 x R 2 x i<3 x i<4 x R 5

1<oxygen = Reliability of the oxygen subsystem for 336 hours

Rhydrogen = 1<6 x 1<7 x R 8 x R 9 x RI0

1<hydrogen = Reliability of the hydrogen subsystem for 336 hours

Rsystem = 43 Failures/Million Missions (Figures based on data
from Table 10.)

The present design has a crossfeed distribution system which uses

twelve solenoid valves, ten check valves, and eight relief valves. The

simplified design uses four solenoid valves, six check valves, and four

relief valves. (See Figures 9, 10, ii.) In addition to being less complex,

simplified system has a higher crew safety reliability and lower mission

abort probability. The solenoid valves in the crossfeed are considered

necessary to protect the system from leakage due to a rupture. Since a

leak in one line would require a mission abort and since either of the

storage tanks holds enough fluid to return the crew from any point in the

mission, there seems to be no advantage in the extra valves.

The simplified design has the advantage of being lower in weight as

a result of the removal of fourteen components. The simplified system will

cost less to develop and produce because of the use of fewer components and

the replacement of low-reliability components with high-reliability

components.

Since a manual closure has a high reliability, there is no basis, from

a reliability standpoint, for a check valve being in the purge line. If there

is no basis for the check valve installation from a design standpoint,

1<eliability Engineering recommends the removal of the valve.

Considering the factors of reliability and safety, Reliability Engineer-

ing recommended that a r_-eva!uation of the cryogeuic _torage system be

initiated by the design group with a view towards simplification.

the
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TEST PROGRAM

Qualification Test Plan

Qualification testing has been revised to reflect the new test philosophy

and the latest environmental criteria.

Two coordination meetings were attended during this reporting period.

The first was held at S&ID in November, 1962, to clarify the specification

requirements. The second, held at S&ID in December, 1962, was to clarify

the new qualification test philosophy.

General Test Program Status

Following is the development test status of the cryogenic storage

Proof pressure tests on the titanium tanks were successfully

completed.

2. Test procedures for the titanium tank LH 2 cryogenic proof and
burst tests were completed.

3. Test procedures for the titanium tank volumetric expansion at

cryogenic temperatures test were completed.

4. Vibration tests on the vacuum relief valve are now in progress.

5. Insulation segment test procedures were completed.

Effects of Qualification Program Reorientation

Better utilization of the allotted test specimens to achieve a more

realistic test program was accomplished as a result of qualification program

redirection.

SUBCONTRACTOR MANAGEMENT

Subcontractor Coordination

More emphasis is being put on coordination efforts between Beech

Cryogenics and S&ID Reliability Departments. With the advent of

contract bidding by Beech subcontractors, substantial changes in the

4
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NAA specification on the subject system, and a new test philosophy,

coordination has become a major area of interest. Efforts coordinated thus

far include the following:

I. Beech requested IDEP information and S&ID sponsored Beech's

entry into the program.

Revision of the NAA specification on the subject system was a

direct result of the October coordination meeting. The

reliability portion was revised to specify reliability requirements

and definitions.

3. A new statistical approach to testing was agreed upon.

. Assignment of system responsibilities and definitions of various

levels of systems, subsystems, and components were agreed

upon.

. A single-line system for use in the simplified system was

considered. The single line is not feasible because it would

require moving the system check valves close to the source of

gas, thereby causing excessive cycling and wear of the valve.

. It is desirable to locate the ECS check valves in the command

module to expose the valves to the best possible operating

environment.

. Separate reliability testing will not be performed. Reliability

calculations will be based on the results of development and

qualification tests.

, To give better direction and orientation to subcontractor

reliability programs, a publication is being prepared by

Sg_ID Reliability which outlines the reliability program for

Apollo subcontractors. Beech is to receive a complete set

of these documents upon publication.

Subcontractor Effort

Test procedures for the insulation segment test and tooling have been

completed. Testing has been started on the vacuum relief valve vibration

requirements. Procedures have also been established and are in the

process of approval for the fill and vent coil testing, oxygen heater

vibration, engineering model shock and vibration, and strain gauge

evaluation ol pressure vessels.

v

,4
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Proof pressure tests of the airtight titanium vessel have been

completed, and procedures for LH 2 cryogenic proof and burst tests are in

progress. Test procedures for volumetric expansion at cryogenic

temperatures is in process.

Reliability analysis data on the oxygen system was transmitted to

SaID by Beech representatives at a meeting held at the NAA-Downey facility.

The data included the following:

I. Schematic of the simplified design

2. Schematic of the present design

3. Block diagrams of the simplified and the present design

4. Failure rate apportionment for both configurations

. Reliability study using R = 0.9989 for each of four units,

compared to a study using R = 0. 9989 for the result of a series

of the four units. This study included degrading effects on all

units.

The analysis did not include a calculation of mission success using the

154-hour requirement. This analysis will be transmitted to S_ID by the next

Beech monthly report.

A preliminary failure mode analysis submitted by Beech is now being

reviewed by Apollo Reliability.

PLANNED ACTIVITIES

With the acceptance by NASA of the simplified design, work in the

next quarterly reporting period should include the following:

i. Failure effects analysis of the simplified design

Failure rate apportionment for components, as used in the

simplified design

0 Studies of system and component degrading during normal
mission

4. Complete system reliability analysis by subcontractors

5. Initial results of testing now in progress

q
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ELECTRICAL POWER SUBSYSTEM

During the period from October through December, 1962, effort has

been directed toward a detailed systems analysis and the initiation of

development tests on Apollo fuel cell hardware.

The present EPS reliability of 0.9941 closely approaches the system

requiremen_ of 0. 9989.

A concentrated effort will be made regarding the fuel cell, primarily

the electrode. Reliability of the electrode is assumed to be low because the

item is newly developed and has no state-of-the-art history to support an

accurate estimate. A major effort is being expended by the subcontractor,

Pratt and Whitney, toward development of electrodes that meet the

required reliability.

Results of all reliability analyses made to date, a summary of the

electrode development program status, and a listing of projected

activities planned for the next time period are included in this section.

CONFIGURATION ANALYSIS

Utilizing the EPS logic defined herein and the 14-day mission time,

a preliminary reliability analysis has been completed. The results of this

analysis delineate the requirements as well as the present estimate for

EPS mission success reliability and show that the present inherent

reliability is slightly less than the requirement. The major problem is

the fuel cell electrode, which is summarized under Subcontractor Effort

later in this section. Table 13 compares present reliability levels of EPS

equipments (e.g., inverters, fuel cells, etc.) to equipments required to

assure compatibility of the spacecraft, as well as EPS reliabilities with

mission success requirements.

93-
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Table 13. Electrical Power System

Required Versus Estimated Reliability

Subsystem

Fuel cell

Inverter

Battery

A-c and d-c bus

Electrical power system

Required

0.971

0. 9786

0. 9984

0.99999

0.9989

Reliability

State -of-the -art

0.90ZZ

0. 9638

0. 9984

0. 99999

0.9941

SUBSYS TEM DESCRIPTION

The Apollp electrical power system consists of four major

subsystems: fuel cell, inverter, power distribution, and battery.

(Reactant supply is supplied by the cryogenic storage subsystem; the

reliability value as it affects the spacecraft is included in the section on

the cryogenic storage subsystem.) Figure 15 presents the logic block

diagram and mathematical model for the EPS and reflects the latest EPS

abort and/or success criteria. A description of abort and/or success

criteria for each subsystem is presented below. The operating times

are: t 1 is the time to lunar orbit, and t Z is the time from lunar orbit

through service module separation or earth landing.

Fuel Cell

Primary d-c power is developed by a redundant fuel cell subsystem

that functions from spacecraft lift-off to the initiation of the reentry phase

(i.e., service module separation). This subsystem is composed of three

individual cells, any two of which will provide sufficient power up to the

lunar inject phase of the mission. After lunar orbit has been obtained,

and for the remainder of the mission, only one cell out of three is

required to ensure mission success and crew safety. Table 14 presents

the reliability apportionment for fuel cell components.
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Table 14. Fuel Cell Component Reliability Apportionment

Component

(-_11 stack

Motor, pump-separator, valve

Apportioned

Reliability

0. 971 9

0. 99975

assembly

Motor, pump assembly,

Nitrogen regulator

Oxygen regulator

Hydrogen regulator

Regenerator bypass,

A ccumulato r

Regenerator bypass,

Heat exchangers

Manifolds, tubing, and

mechanical connections

Tank

Support and housing

Heater and wiring

In strum entation

Purge valves

Relief valve

Fill valve

glycol

hydrogen

glycol

0.999912

O. 99986

0.99988

O. 99988

0.999912

O. 999976

O. 999956

O.9999966

O. 9999978

0.9999989

0.9999989

0.99999984

0.999999988

0.9999989

0.99999967

0.99999999981
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Inverter

The d-c power furnished by the fuel cells is converted to ac in the

inverter subsystem. This subsystem consists of three inverters; any one

of these inverters will furnish sufficient a-c power to meet mission

requirements. Stand-by redundancy is employed in the inverter subsystem,

thus resulting in a more simplified design with higher reliability. If

inverter failure occurs, a-c power can be restored by manually switching

a stand-by inverter on the line.

Power Dis tribution

Power distribution, both ac and dc, is accomplished by individual,

redundant bus subsystems. Both subsystems are essentially of the same

design; they consist of two busses, either one being capable of distributing

power to all spacecraft systems. Should failure occur on either bus or

on connected systems, isolation may be effected and power delivered by

the redundant bus. The design of these two distribution systems ensures

high inherent reliability.

Battery

During spacecraft flight up to initiation of the reentry phase,

secondary or emergency power is available from a battery subsystem. If

the primary power subsystem fails, or if excessive power is required, the

secondary system is automatically available and will meet load requirements

for a limited time. However, the use of this subsystem as a secondary

power source is not its prime function. This subsystem is intended as a

primary power source during the reentry and post landing phases of the

mission. It consists of three batteries in parallel; any two will meet the

power requirements during reentry and up to the time of spacecraft

recovery. With the use of redundancy and simplified design, the

reliability of this subsystem is assured with a high degree of confidence.

RELIABILITY CALCULATION

Figure 15 presents the mathematical equation for EPS mission success.

Crew safety reliabilities for the case of one of three fuel cells and one of

three inverters successfully operating and one of two busses successfully

operating are determined by evaluation of the math models shown in the

Abort Criteria section.

l
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FAILURE EFFECTS ANALYSIS

Table 15 at the end of this section presents the failure effects analysis

of the power distribution system as described previously. It is apparent

from this analysis that should a first order failure occur, electrical power

will still be available to all spacecraft systems. Additional effort will be

directed toward up-dating and expanding this analysis during the next report

period. All changes, both additions and corrections, will appear on

subsequent revisions of this analysis, which will be issued quarterly.

TEST PROGRAM

Fuel Cells

Pratt & Whitney submitted a qualification-reliability test plan on

15 November 1962; this document is currently being reviewed. The general

philosophy is acceptable although revisions and additions to the mission life

tests need to be made to provide a closer simulation of the mission.

Design and development testing of all components has begun.

Figure delineates total development testing on the fuel cell. Development

testing of the first independent fuel cell was completed in October.

Problems were encountered with the potasium hydroxide; however, the

cells were not sealed as they will be in service. The potasium hydroxide

was contained in cups with tubes leading into each cell. Resulting

potasium hydroxide spillage caused a short and corrosion. The voltage

produced by each cell during this test was slightly in excess of the 1-volt

design requirement. Development testing is scheduled for completion in

June 1964.

Qualification testing of the fuel cell powerplant is scheduled to begin

in June 1964. This date presents a 6-month delay from the date specified

in the July-September report.

Effects of Qualification Program Re-orientation

The October redirection defined the number of cells for qualification

testing as four in contrast to the original test plan prepared by Pratt &

Whitney, which specified fifteen cells. The following changes in the tests

were also made during the redirection. Mission simulation tests were

expanded to include all mission environments, including ground checkout.

All climatic tests except humidity were eliminated, and off-limit tests,

including vibration, operational temperature, acoustics, and acceleration

were added.

• L --2 ,' ........ 99 -
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SUBCON TRAC TOR MANAGEMEN T

During the past quarter, S&ID Reliability Engineering reviewed type I

documentation, which was submitted by Pratt & Whitney. Major milestones

accomplished by Pratt & Whitney during this quarter were the initiation of

powerplant and component test plans. During this quarter, all type I

documentation was resubmitted and is currently being reviewed by S&ID

Reliability Engineering.

A field analysis of the Pratt & Whitney cost proposal was conducted

during the week of Z6 November 1962. The purpose of the field analysis

was to attain detailed information of all costs that are to be incurred for

reliability on the fuel cell program.

A technical coordination meeting was held with Pratt & Whitney and

representatives of S&ID during November for purposes of clarifying

requirements of the procurement specification.

Subcontractor Effort

A summary of major accomplishments during this reporting period is

given in the following paragraphs.

Electrodes have been tested in unpressurized rigs prior to assembly

and use inmulticell tests. Analysis of the results from these engineering

tests have promulgated recommended tests and changes in inspection

procedures in order to determine the reason for variations in bubble-

pressure characteristics of Clevite-supplied electrodes. It was learned

that some hydrogen sinter bubble test failures were caused by faulty

resistance frazing rather than faulty sinters; corrective action is being

taken.

A comprehensive program is being planned to coordinate all single

cell inspection and performance data, to isolate the effects of measurable

physical properties and process variables on performance, to assess the

usefulness of destructive testing on used electrodes and waste corners

{resulting from the fabrication of round electrodes from square stock),

and to determine the effects of air and normal contaminants such as carbon

dioxide on cell properties.

Details of the test plan for endurance and accelerated life tests on

bearings is being prepared, using MIL-R-Z6667A as a guide. The outline

will be used to set up a test plan that will investigate bearing life versus

a simulated Apollo environment. The causes of failure and the mean-time-

between-failure will be determined.

i00 -
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A number of designs were reviewed for reliability, including the

heater power cable, heater harness installation, tank, reactant gas tubes,

hydrogen pump-separator, primary regenerator, and tubing hardware.

Several design modifications were incorporated as a result of these reviews

to improve reliability. A number of quality assurance data sheets were

checked and corrected where necessary.

A Monte Carlo analysis was performed on the IBM 7090 for the

PC3A-Z system for three levels of reliability: 0.9785, which experienced

ten single module failures in Z00 missions; 0. 898 with 16 single module

failures and Z double failures in 50 missions; and 0. 880 with 17 single and

three double module failures in 50 missions. All failures except two

occurred in cells. In no cases did all three modules fail during the

400-hour missions. Details will be given in the next Quarterly

Reliability Status Report.

A list of parts that do not require traceability is being prepared, as

directed by an S&ID letter M3MAI-6-8Z3 dated 5 November 1962 on the

interpretation of NCP Z00-Z, sections 4.4 and 5.7.

PLANNED AC TIVITIES

During the next reporting period, effort will be placed on up-dating

the electrical system failure mode analysis, along with component

reliability values. Because contract awards were made on the inverter,

battery, and battery charger during this reporting period, adequate detail

was not available for inclusion in this report. During the next reporting

period, detailed failure mode analysis, apportionments, and state-of-the-

art values will be investigated, _1_ng with improvements of system design

on the aforementioned units.

Development tests on the fuel cell will have progressed to a point

where initial assessments will be made on fuel cell components.

- I01 -
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ENVIRONMENTAL CONTROL SUBSYSTEM

a

The major reliability engineering effort expended on the environmental

control subsystem (ECS) during the last quarter consisted of (i) a prediction

of ECS reliability using state-of-the-art failure rates for the various com-

ponents and (Z) an evaluation of subsystem modifications proposed as a

means of effecting an increase in ECS reliability. Table 16 presents a sum-

mary of the predictions for the reliability of the present configuration (ECS

schematic "E" change).

Table 16. Environmental Control Subsystem Reliability

Requirements and Predictions

Environmental

Control

Subsystem

Circuits

Suit circuit

HZ0 - glycol

circuit

Pressure and

temperature

circuit

Oxygen supply

Water supply

R4Dquir ed

Re liability

O. 997675

0. 99949

0. 999133

O. 999812

0. 999884

0. 99949

Predicted

Reliability

0.98O5

0.9910

0.9919

0.99932

0.99957

0.99834

Required

Crew Safety

0.9997

999931

999885

99997Z4

9999816

999931

Predicted

Crew Safety

0.9996

0.99985

0.99987

0.99997

0.99998

O.99993

ECS radiators-':"

Cold plates;:'

Waste manage-

ment;',"

O. 9999 5

O. 9999 5

O. 999965

999998

999999

999998

_:"Apportioned values - design not finalized

The above results indicate that the greatest improvement i,_ required

_ ,l, .... "_- ' giy...... _ _,L _nu water- col circuits.
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A redundancy study of suit compressors and glycol pumps further

indicates that by adding a third fan, a compressor, and a pump (dual redun-

dancy), or by utilizing two interchangeable cabin fans for the two-suit

compressors the required reliability could be met. This is based on _re-

dicted state-of-the-art failure rate for rotating components of 40 x i0 -u.

CONFIGURATION ANALYSIS

Subsystem Description

Seven different system combinations of rotating equipment were

analyzed for their probability of mission success. The abort criterion for

the analysis was that an abort condition prevailed on any failure mode for

which the next failure could result in catastrophic loss of the spacecraft

and/or crew. The combination of rotating components and the mission suc-

cess reliability equation for the rotating elements for each analyzed combi-

nation are as follows:

8

System I - Z pumps, g compressors, Z fans.(This is the current com-

bination indicated on "E" revision of the ECS schematic.)

Mission Success

ms _ _ _ )2]R = [ R1 pump R1 comp

1 - (- R z comp) 2]

System II - Z pumps, Z compressors, 2 fans (interchangeable with

compressors)

Mission Success

R
ms

11

11
[i

pumpl11('R2pum/l

- (i - R z comp) 4] +

- (I - R z comp) 3 ] +

-(1 - R 2 comp )Z ]}

[R41comp]

3
4 R 1 comp (I - R

5 R 1 comp (1 - i

1 comp )]

)Z] .
1 comp

132 -
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.all

System III - Z pumps, 3 compressors, Z fans

Mission Success

+ [3R Z1 comp (l - i

i - (i - Rfan )z]

{[R31 comp ] I]- (1 - R 2

1 comp )] Ii - (i - K z comp) Z]

System IV - 3 pumps, Z compressors, Z fans

%1

)-I
comp

R
ms =[Rzlcomp][1-(1-Rzcomp)z][1-(_-R3fan)z]

{I"',pumplI'-''- _,.'pump"l+['__omp

System V - 3 pumps, Z compressors, Z fans (interchangeable with

compressors)

Mission Success

R
ms

- 133 -
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System VI - 3 pumps, 3 compressors, 3 fans

Mission Success

ms R31 pump] [i - (i - R2 pump) + pump

,, compII'" comp'  
+ [3R.1compC1- R1compll 1 - C1- R1comp

Z

II-(l-R3 fan ) ]

System VII - 3 pumps, 3 compressors, 3 fans

Mission Success

R
ms IIR_pu_p]I,i, R2pump)3}+13_21 pump (I - R 1 pump)]

I,-_,-_um_l_com_l_ _ com_

+I_com__'-_,comb']I_-_'-_com;_]l
1 (1 R 3 fan )_ _ Z]

Crew safety reliability for the foregoing seven rotating component

combinations is based on evaluation of the derived probability density func-

tion shown in the Abort Criteria section.

Table 17 presents the results for the seven system variations studied.

Briefly, the numerical "results indicate the following:

l. The numerical mission su_ccess and crew safety probabilities for

the various rotating components combinations are tabulated in

columns (I) and (Z).

By combining the results of columns (i) and (Z) with the mission

success and crew safety values, based on the state-of-the-art

failure rates for balance of the components comprising the ECS

(as presented later in this section), the over-all ECS mission suc-

cess and crew safety probabilities are obtained and presented in

columns (3) and (4).
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Table 17. Redundant Component Trade-Off Study

Configuration

Pumps pressors Fans

I 2 2 Z 0. 986540

/I 2 2 Z* 0. 993755

LLI 2 3 2 O. 993189

IV 3 2 2 O. 993189

V 3 2 2" 0. 999983

VI 3 3 g 0. 999883

VII 3 3 3 0. 999927

Component Reliability ECS Reliability

(1) MS (2) CS (3) MS (4) CS

0.999910 0.9805

0.999954 0.9874

0.999954 0.9873

0.999954 0.9873

0.999998 0.9941

0.999997 0.9940

0.999997 0.9940

0.99961

0.99965

0.99965

0.99965

0.9997

0.9997

0.9997

S/C Reliability

(5) MS (6) CS

0.9476 0.99911

0.9541 0.99915

0.9540 0.99915

0.9540 0.99915

0.9600 0.9992

0.9600 0.9992

0.9600 0.9992

ECS

MS

CS
S/C

Redundant to compressors

Environmental Control System

Mission success

Crew Safety
Spacecraft

J I I I ,_t
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o It may be noted that the only rotating equipment combinations that

comply with the required EGS mission success and crew safety

requirements are V, VI, VII.

o The effects on spacecraft mission success and crew safety for the

various rotating equipment combinations are presented in columns

(5) and (6). Again, only combinations V, VI, and VII comply with

the apportioned requirements.

The balance of this section is concerned with the discussion of the

remainder of the ECS components and associated subsystems.

The latest ECS system schematic illustrating the "E" revision of the

ECS is included as Figure 16.

The ECS is composed of the five functional subsystems included in

FigureI6, and in addition, three associated subsystems are tied to and func-

tion as part of the ECS. The eight functional subsystems are described as

follows:

. Pressure suit subsystem-The purpose of the pressure suit cir-

cuit is to automatically control the flow, pressure, temperature,

and composition of the pressure suit gas. The subsystem, in

conjunction with the command module pressure and temperature

control subsystem, will also control the environmental conditions

in the cabin when any or all the crew are out of their pressure

suits. The state-of-the-art failure rates for the pressure suit

circuit are tabulated in Table 18. Figurel7presents the subsystem

logic block diagram.

2. Water-glycol subsystem-The water-glycol subsystem is an inter-

mediate heat transfer loop which permits heat to be transferred

from the space vehicle interior to the space radiators. This

function is accomplished by pumps, heat exchangers, valves, and

controls. The state-of-the-art failure rates for the water-glycol

circuit are tabulated in Table 19. Figure 18 presents the subsystem

logic block diagram.

. Command module pressure and temperature control subsystem-

Although this subsystem serves several purposes, the principal

function is to automatically maintain the pressure and temperature

of the cabin within the prescribed limits. This function is accom-

plished in conjunction with the pressure suit subsystem by means

of regulated oxygen inflow, recirculation blowers, a heat

exchanger, a temperature control and sensors, vent valves,

- 136-
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Table 18. Pressure Suit Subsystem Component Reliability Values

Item Component

1.3 Suit circuit return check

valve assembly

1.8 Debris trap

1.11

1.15

1.16

1.17

Suit compressor check valve

CO z and odor absorber

package

(a) Cannister

(b) Check valve

(c) Isolation valve

Suit by-pass valve

Unit compressor sdlector
switch

Number

of

Compo-

nents

State - of- the - Art

Reliability

0.999328

0.9993Z8

0.999328

0.999664

0.999664

0.999328

0.999328

0.99997Z

Failure

Rate x 10-6

Z.0

2.0

Z.0

Z.0

1.0

Z.0

Z.0

• O84

Operating

Time {hr)

336

336

336

336

336

l.Z3 Suit air temperature sensor I 0.999986 .04Z 336

I. Z4 Suit air temperature control 1 0. 99989 .336 336

l. Z5 Suit air temperature selector 1 0.999978 .067 336

I. Z7 Suit evaporator temperature 1 0. 999986 .042 336
sensor

I. Z8 Suit evaporator temperature 1 0. 99989 .336 336
control

i.Z9 Heat Exchanger Package

regen, heat exchanger

by-pass valve

suit evaporator

glycol to suit heat exchanger

water separator

HzO separator pump

a s s embly

Suit hose connector package

supply connector

suit return

check valve

0.9993Z8

0.999328

0.999328

0.999328

0.999328

0.993Z80

0.999328

Z.0

Z.0

2.0

Z.0

Z.0

4.0

Z.0

Z.2Flow limiter and suit shut-off

valve

0.999Z60

I. 30

1.31

336

336

336

D,

D,
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Table 19. Water-Glycol Subsystem Component Reliability Values

Item

2.2

2.2

2.5

2.6

2.11

2.13

Component

Space radiator outlet check
valve

Glycol pressure relief valve

Glycol check valve

Glycol evaporator

Glycol shutoff valve

Cabin temperature control

valve

Number

of

Compo-

nents

State -of-the -Art

Failure

Rate x 10 .6Reliability

0.997320

0.999328

0.999986

0.999328

0.998720

0.999328

8.0

2.0

0.042

2.0

0.378

2.0

Z. 16 Glycol pump selector switch 2 0. 999972 0. 084

2. 17 Glycol shutoff valve 2 0. 998720 0. 378

2.20 Space radiator isolation and 4 0. 997320 8.0

vent valve

2.22 Glycol temperature control I 0. 999890 0. 336

0.999986

0.999972

0.999973

Glycol temperature sensor

Glycol fill and vent connector

Glycol quick disconnect

2.23

2.24

2.26

0.042

0.084

0. 080

Ope rating

Time (hr)

336

336

336

336

336

336

336

336

336

336

336

336

336

336Z. 27 Manual shutoff valve 3 0. 999328 2.0

Z. 28 Glycol shutoff valve 5 0. 999323 2.0 336

2.29 Glycol reservoir 1 0. 999328 Z. 0 336

0.999328

0.999328

0.993280

0.999328

0.9999974

0.999328

Glycol pump assembly

accumulator

isolation valve

pump

check valve

filter

2.0

Z.0

40.0

2.0

0. 008

2.0Glycol temperature control
valve and diverter valve

2.30

2.31

336

336
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1.30C2
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41.30B2 " I. 31B 1.30A3
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I
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I. 30A 2 1

OPE NS i I. 31B I. 30B3
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(MANUAL) !
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I I
1.30A3 I I

OPENS H 1.31C
(MANUAL) OPERATES
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i

I_,
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I

J 1.30B3
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[
I
I c
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I
I

I

:: :=:_=..



l

=

-- k:

_:-: .
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(MANUAL)
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H1.31C
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OPENS

I. 30C4
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I. _D4
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+
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1
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1.30D4

CLOSES
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i

i!i:_

Y

F

J

1.8

CLOGS

1.8
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I

1.8

BYPASS

FUNCTION

-I
I
I
I

1.8 TRAPS

DEBRIS

1.3B F
OPENS

I. 17A

SELECTS

I. 10A

7.12 Q MANUAL

S/T/I
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SEEECTS

]. lOB

MA NUA L

1.15A H 1.15B1

SELECTSII O_
MANUAL | _'_ ,

I. ISA
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MANUAL

7.,+® I
S/T/I I
CO 2 I

P_R_,_®I

1.15BI

OPERAT

I. I§B2

OPERAT

i
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J
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i____l
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SEPARATES

H20

H
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O/C H 1.29F1
MANUAL OPERATES
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MANUAL OPERATES

H OXYGEN I

A__DV_LEEi_
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,.25
OPERATES

(MANUAL)

I. 29G

SELECTS

I. 29A H
1.29G

SELECTS

BY PASS

__ I. 29G H

SELECTS I. 29A

(MANUAL) OPERATES

I. 29A

1.29G

SELECTS

BY PASS

(MAN UA L)

1.16

LOSES I
7.0ol I ,,0 #'-'xl--

1![---7
ENSES IF (_

N TO0 HIGH I

==

%.

L
::7: • , ---

=

1.29A

OPERATES

I

1.16

AUTO

OPENS

I

SUCCESS 1

COMPONENT

NUMBER

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.t0

1.11

1.12

1.13

1.14

1.15

1.16
1.17

t.18

1.19

1.20

1.21

I.22

I.23

I. 24

1.25

1.27

1.28

1.29

1.30

1.31

5.2

5.23

5.5

5.13

7.1

7.3

7.6

7.7

7.9

7.10

7.11

7.12

7.16

ITEM DESCRIPTION

VALVE, CHECK, RASPBERRY, NORMALLY CLOSED

HEAT EXCHANGER, AIR-AIR REGENERATION CROSS-FLOW

VALVE, CHECK, DUAL, BUTTERFLY, NORMALLY CLOSED

VALVE; lIMITING A!x_D M.ANUAL SHUTOFF, NORMALLY OPEN
CONNECTOR, NORMALLY OPEN

VALVE, CHECK, FLAPPER, NORMALLY CLOSED

CONNECTOR, ORIFICE, NORMALLY CLOSED

DEBRIS TRAP, SCREEN FILTER
CATALYTIC FILTER

COMPRESSOR, CENTRIFUGAL, 10,000 RPM

VALVE, CHECK, RASPBERRY, NORMALLY CLOSED

VALVE, MANUAL SHUTOFF, NORMALLY OPEN

VALVE, CHECK RASPBERRY, NORMALLY CLOSED

CO 2 AND ODOR ABSORBER REMOVABLE CONTAINER (26 REPLACEMENTS)

CO 2 AND ODOR ABSORBER
VALVE, PRESSURE RELIEF WITH MANUAL OVERRIDE, NORMALLY CLOSED

SWITCH, ROTARY, FOUR-POSITION ASSEMBLY

VALVE, ELECTRICALLY ACTUATED CONTROL WITH MANUAL OVERRIDE

HEAT EXCHANGER, GLYCOL-AIR CROSS-FLOW

HEAT EXCHANGER, WATER-AIR CROSS-FLOW

VALVE, DIVERTER, MANUAL

WATER SEPARATOR, WITH SHUTOFF VALVE AND ACTUATOR
SUIT AIR TEMPERATURE SENSOR

TEMPERATURE CONTROL, MAGNETIC AMPLIFIER

TEMPERATURE SELECTOR, RHEOSTAT

SUIT EVAPORATOR TEMPERATURE CONTROL

TEMPERATURE CONTROL, MAGNETIC AMPLIFIER
HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYPASS VALVE
SUIT EVAPORATOR

GLTLOL-TO-SUIT AIR HEAT EXCHANGER

WATER SEPARATOP

CRATER SEPARATr)R PUMP ASSEMBLY

SUIT HOOF CONr_[._TOR PACKAGE

SUII SHUTOFF vALVE

SUIT SUPPLY CONNECTION

CHECI_ 'VALVE

SUIT FLOW LIMITER

WATER CHECK VALVE

WATER PRESSURE RELIEF VALVE

VALVE, ELECTRICALLY ACTUATED CONTROL WITH MANUAL OVERRIDE

VALVE, CHECK, QUA_)RUPLE ASSEMBLY, NORMALLY OPEN

SENSOR, AIR PRESSUR_

SENSOR, AIR TEMPERATURE
SENSOR, PRESSURE DIFFERENTIAL

SENSOR, PRESSURE DIFFERENTIAL

SENSOR, AIR TEMPERATURE

SENSOR, VOLTAGE INDICATION
SENSOR, AIR TEMPERATURE

TRANSDUCER, PRESSURE, INLET SUIT SUPPLY MANIFOLD

TRANSDUCER, PARTIAL PRESSURE, CO 2

LEGEND

_,_ = CABIN EMERGENCY SUIT MODF

O HUMAN OPERATION

[] = MECHANICAL OPERATION

s/r/I = SENSES, TRANSMITS, AND INDICATES

S'TM/ = SENSES, TRANSMITS, AND WARNS

(_ - POSITION

Q PRESSURE

O = TEMPERATURE

O- VOLTAGE

S,V = SERVO VALVE

OC = OPEN OR CLOSED

NOTE:

A, B, C, ETC, AFTER COMPONENT NUMBER INDICATES

POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL
COMPONENT

NOT E: DOES NOT INdLUDE GROUND CHECK-OUT PROVISIONS

UNLESS OTHERWISE INDICATED PARALLEL REDUNDANCY IS ASSUMED RATHER THAN SEQUENTIAL REDUNDANCY
NORMAL OPERATION AND NORMAL CONDITIONS ASSUMED UNLESS OTHERWISE INDICATED

LOGIC BASED _IN_N REQUIREMENTS FOR SUCCESS

.

_5_ Figure 17. Pressure Suit Subsystem l,ngic hi-gram
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WATER GLYCOL

CIRCUIT WILL

OPERATE

F m i m i i i m m i U
I

f

I
I r-I 2.20A

CLOSED

l 2.24A H 2.5

CLOSED CLOSED

2.24B l
CLOSED

L

2.11

OPEN

2.20A

OPEN

2.20B

OPEN

2.20C

OPEN

2._D

CLOSED

/
L m ..J 2._A

/ OPEN

DROPPEDPRIOR TO REENTRY

SUCCESS H 26_ H 2._, 8.,®o/c s/T/t
MANUAL MANUAL TRUE ®

2.30BI

o/c

2.30B2

o/c

O



H H H H
2.17AH 2_ ___

OPEN OPERATES J

H
2.1A 2.20B 2.1B _.20D 2.1D

CLOSED CLOSED CLOSED )PEN CLOSED

2.17B 2.2B

OPEN OPERATES

EARTH CHECKOUT AND ASCENT

CLOSED C LOSED ,:

'L

'"'H ""H "'°OPEN CLOSED CLOSED CLOSED

,s, c,H H H H"--J RADIATOR 2.1B 2.1A 2.1C 2.1D
OPEN CLOSED CLOSED CLOSED

I L B

RADIATOR H

L_L_i I

h
F

'"cH "'"H ""H '"°kOPEN CLOSED CLOSED CLOSED

H H H k-I _DIATORI'----I 2._D 2.1A 2.,B 2.1C
L._L J I OPEN CLOSED CLOSED CLOSED

•_J RADIATOR H

L __ ..J I

SPACEMODE

H H. ""2.1A 2.,0B R OPEN
OPEN OPEN ._____i I

2.17A H 2.2A J
O/C OPERATES

IJ
2.17B H 2.2B
O/C OPERATES

I
"i...... ] I

L I

L-_ i I OPEN OPEN I L--_R I OPEN CLOSED CLOSED

_00N-SUBSOLAR MODE
m iN am mum nm am mmmm mm mmmm m um _ m m mm mmm mm m imm mm m mmmm m UNto Ill mmm mmm m

H 2.16B

2.30A2 SELECTS

PERATES 2.30A2

mJ

i r_
OPERATES MANuALOPEN MANuALOPEN OPERATES I mAVAILABLE

2.28E

o/c
MANUAL

2.5B

o/c

i
2.30A1 H 2.16A
IPERATES SELECTS

2.30A 1

8.16 (_) H 2.30F H 2.30E
S/T/I OPERATES O/C

MANUAL
i

2.26A

OPERATES H 2.26B

OPERATES

2.5A

O/C



TRUE 0

2.27C

OPEN

MANUAL

j_ 2.13A

o/c
MANUAL

ID 2.13B

o/c

2.13B
o/c

MANUAL

2.23A (_)
S/T

TRUE (_

2.23B (_)

S/T
TRUE (_

4 IF TEMPERATURE I
r- _ ,, TOO HIGH

I L J

I
2.31A

OPEN

2.31B

CLOSED

8.17 (_)
S/T/I

TRUE (_)

s/r/i
TRUE T

2.6

OPERATES

2.22

CONTROLS

2.31A AND B

2.31A 2.31B

CLOSED CLOSED

I
l 2.31B

OPEN

I I
II I
II L__
II

II i I
I L _ 4 IFTEMPERATURE

I L --TOO--LOW_11

L_ s/'r/i
TRUE (_)

_t_ 37 ! rT._--I F --CONTROLS _ SUIT'HEAT H _HS_L4ER _112.13A I I EXCHANGER I i

J "-

H 2.31A I_CLOSED

Gt tOPEN -- J

MANUAL

2.31A
o/c

MANUAL

CREWSAFETY

2.31B

o/c
MANUAL

NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

4'
I

I
I
I
I
I
I

I
I
I

COMPONENT

NUMBER ITEM DESCRIPTION

I. 29

2.1

2.2

2.5

2.6

2.11

2.13

2.16

2.17

2.20

2.22

2.23

2.24

2.26

2.27

2.28

2.29

2.30

2.31

3.7

5.14

8.1

8.5

8.6

8.16

8.17

8.20

HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYPASS VALVE
SUIT EVAPORATOR

GLYCOL-TO-AIR HEAT EXCHANGER

WATER SEPARATOR

WATER SEPARATOR PUMP ASSEMBLY

SPACE RADIATOR OUTLET CHECK VALVE

GLYCOL PRESSURE RELIEF VALVE

GLYCOL CHECK VALVE

GLYCOL EVAPORATOR

GLYCOL SHUTOFF VALVE

CABIN TEMPERATURE CONTROL VALVE

GLYCOL PUMP SELECTOR SWITCH

GLYCOL SHUTOFF VALVE

SPACE RADIATOR ISOLATION AND VENT VALVE

GLYCOL TEMPERATURE CONTROL

GLYCOL TEMPERATURE SENSOR

GLYCOL FILL AND VENT CONNECTION

GLYCOL QUICK DISCONNECT

MANUAL SHUTOFF VALVE

GLYCOL SHUTOFF VALVE

GLYCOL RESERVOIR

GLYCOL PUMP ASSEMBLY

ACCUMULATOR

ISOLATION VALVE

PUMP (2)

CHECK VALVE (2)

FILTER

GLYCOL TEMPERATURE CONTROL VALVE

CABIN TEMPERATURE CONTROL

WATER CHILLER

TRANSDUCER, PRESSURE, OUTLET, GLYCOL PUMP

TRANSDUCER, TEMPERATURE, GASEOUS, OUTLET, GLYCOL EVAP. SENSOR

TRANSDUCER, TEMPERATURE, LIQUID, OUTLET, GLYCOL EVAP. SENSOR

TRANSDUCER, PRESSURE, QUANTITY MEASUREMENT, GLYCOL ACCOM.

TRANSDUCER, PRESSURE, GASEOUS, OUTLET, GLYCOL EVAPORATOR

TRANSDUCER, TEMPERATURE, OUTLET, SPACE RADIATOR SENSOR

LEGEND

O = HUMAN OPERATION

[] = MECHANICAL OPERATION

O/C = OPEN OR CLOSED

= PRESSURE

_) = QUANTITY
S/T/I = SENSES, TRANSMITS, AND INDICATES

i_) = TEMPERATURE

NOTE:

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES POSITION IN CIRCUIT OF
SUCCESSIVE INDENTICAL coMPONENT

"L-'_-: ..... 1 Q
J,. .l._)u.J. %.. .,.,._,,
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and other valves and controls as required. State-of-the-art

failure rates for the command module pressure and temperature

control subsystem are tabulated in Table 20. Figure 19 presents

the subsystem logic block diagram.

Oxygen supply subsystem-The oxygen supply subsystem is sub-

divided further into three subsystems: the normal oxygen supply

system, the reentry oxygen supply system, and the back pack

oxygen supply system. The normal oxygen supply system is

capable of controlling the inflow of oxygen for the entire Apollo

mission up to the reentry phase. This function is accomplished

by suitable pressure regulators, demand regulators, and shutoff

and check valves. The reentry oxygen supply subsystem supplies

the oxygen required for mission completion after separation of the

service module from the command module. This function is

accomplished by oxygen storage tanks, pressure regulators, and

valves. The back pack oxygen supply system supplies the oxygen

required for changing the back packs within the command module

from the main oxygen tanks. This function is accomplished by a

shut-off and pressure relief valve. State-of-the-art failure rates

for the oxygen supply subsystem are tabulated in Table 21. Figure

Z0 presents the subsystem logic block diagram, and Figure Z1

presents the back pack supply.

Water supply subsystem-The water supply subsystem collects,

stores, and provides water for supplemental and emergency heat

transfer operation and collects and stores potable water for con-

sumption by the crew members. The above functions are accom-

plished, utilizing water tanks, pressure controls, and valves.

This subsystem also contains several valves associated with other

subsystems. State-of-the-art failure rates for the water supply

subsystem are tabulated in Table 2Z. Figure ZZ presents the sub-

system logic block diagram. As an aid to performing an ECS sys-

tem reliability analysis, logic diagrams, Figures 17 through 22,

were prepared for each ECS circuit. In addition, a failure mode

and effects analysis for each ECS component is herein included.

From these logic diagrams and effects analyses, the predicted

state-of-the-art failure rates, and a 336-hour mission time, the

predicted mission success and crew safety numerics presented

were computed.

ECS radiators -The ECS radiators, although not considered part of

the ECS, are connected to the water-glycol subsystem. The

radiators provide the means of transferring to space the heat

abso_,_ by _ue water-glycol. Two radiators are provided, which

- 145-
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._ lo.2® /
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T
I

._ 3.1A

REGULATES

AND RELIEVES

REGULATES

AND RELIEVES

3.1A

C LOSES

MANUAL

3.1B

CLOSES

MANUAL

CREWSAFETY

I

_1.28A

REGULATES

i

i

REGULATES

iII I

_' I _. '1b
CLOSES

MANUAL

T

3.27A

OPEN

MANUAL

3.27B

OPEN

MANUAL

3.5

SELECTS

TEMPERATURE

Q
Q

3.17A k

SELECTS

3.18A

3.17B

SELECTS

3.18B
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3.8

SENSES

®

3.18A

OPERATES
3.14

OPERATES

3.18B

OPERATES
3.14

OPERATES

[LANDING MODE

2.13A

OPERATES

3.7

CONTROLS

2.13A AND B

I
I
I
I

q

2.13B

OPERATES

2.13A

o/c
MANUAL

2.13B

o/c
MANUAL

CREW SAFETY

I

k
I _B,NA,R I

SHUTOFF

--I W,VEt
C LOSEDI '_NUAL I

L..__._ _J

| --1

2 3.2 GLYCOL L
OPERATES AVAI LABLE

i
1

i
b

3.17A

SELECTS

3.18A

3.17B

SELECTS

3.18A

q

m

3.17A

SELECTS

3.18B

3.17B k

SELECTS

3.18B

3.17A k

SELECTS

3.18A AND
3.18B

3.17B k

SELECTS

3.18A AND

3.18B

3.18A

OPERATES

3.18B

OPERATES

3.18A

OPERATES

H 3.14
OPERATES

I_[ H I_OPERATES OPERATES

i

F_,_-I

SHUTOFF

I VA LVE
OPEN

L MANUAL

I
I
I
I
I
I
I
i
I
1

SUCCESS

Figure i9.

COMPONENT

NUMBER ITEM DESCRIPTION

2.13
3.1

3.2

3.5

3.6

3.7

3.8

3.14

3.17

3.18

3.27

3.28

9.9

10.5

CABIN
CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

CABIN

TEMPERATURE CONTROL VALVE

OUTFLOW, PRESSURE REGULATOR AND NEGATIVE RELIEF VALVE

HEAT EXCHANGER

TEMPERATURE SELECTOR

TEMPERATURE ANTICIPATOR

TEMPERATURB CONTROL

TEMPERATURE SENSOR

BLOWER DIVERTER VALVE

BLOWER SELECTOR SWITCH

RECIRCULATING BLOWER

VENT VALVE

CABIN PRESSURE REGULATOR

TRANSDUCER, TEMPERATURE, COMMAND MODULE, AIR, CABIN SENSOR

SENSOR, COMMAND MODULE TOTAL PRESSURE

LEGEND

= HUMAN OPERATION

= MECHANICAL OPERATION

O/C = OPEN OR CLOSED

@ = PRESSURE

S/T/I = SENSES, TRANSMITS, AND INDICATES

@ = TEMPERATURE

NOTE:

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES POSITION IN

CIRCUIT OF SUCCESSIVE IDENTICAL COMPONENT

I.D. E4
SID 62-557-4

Command Module Pressure and Temperature Conirol, Lug£c Diagram
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L
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SAFETY

4.16A t_

REGULATES

RELIEVES

I
4.16B J

REGULATES J

RELIEVES [

9.2Q
OXYGEN FLOW H 9.8® J____

OXYGEN SUPPLY

PRESSURE

4.16A

CLOSED

MANUAL

4.16B

CLOSED

MANUAL

CREW SAFETY

t
r--L-n

.__i I IF OXYGENI
/ I LEAKS I

I- .... J

9.2® I
S/T/I i-----
TRUE /

OXYGEN®/

L
TRUE

OXYGEN

Figure 20.

COMPONENT

NUMBER

1.29

3.28

4.16

4.17

4.22

4, 23

4.24

5.24

9.2

9.8

10.5

ITEM DESCRIPTION

HEAT EXCHANGER PACKAGE

REGENERATIVE HEAT EXCHANGER

REGENERATIVE HEAT EXCHANGER BYPASS VALVE

SUIT EVAPORATOR

GLYCOL-TO-SUIT AIR HEAT EXCHANGER

WATER SEPARATOR

WATER SEPARATOR PUMP ASSEMBLY

CABIN PRESSURE REGULATOR

DEMAND PRESSURE REGULATOR AND RELIEF VALVE

MANUAL OXYGEN SUPPLY VALVE

EMERGENCY OXYGEN INFLOW CONTROL VALVE

REENTRY OXYGEN SUPPLY SYSTEM

OXYGEN TANK (2)

OXYGEN FILL PORT (2)

VALVE ASSEMBLY (2)

PRESSURE REGULATOR (2)

RELIEF VALVE (2)

CHECK VALVE (2)
OXYGEN PRESSURE REGULATOR ASSEMBLY

SHUTOFF VALVE (2)

PRESSURE REGULATOR (2)

RELIEF VALVE (2)

CHECK VALVE (2)

TANK PRESSURE CONTROL AND RELIEF VALVE

SENSOR, OXYGEN FLOW RATE

S.ENSOR, OXYGEN PRESSURE

SENSOR, COMMAND MODULE TOTAL PRESSURE

LEGEND

O = HUMAN OPERATION

[] = MECHANICAL OPERATION

= PRESSURE

Q = FLOW RATE

S/T/I = SENSES, TRANSMITS, AND INDICATES

O/C = OPEN OR CLOSED

NOTE:

A, B, C, ETC., AFTER COMPONENT NUMBER INDICATES
POSITION IN CIRCUIT OF SUCCESSIVE IDENTICAL COMPONENT

Oxygen Regulation Subsystem, Logic Diagram
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BACK PACK

OXYGEN SUPPLY

WILL

OPERATE

BACK

PACK

OXYG EN

AVAILABLE

4.13

RELIEVES

(AUTOMATIC 4.18A
OPERATES

4.13

O/C

(MANUAL)

i

4.14

O/C

(MANUAL)

4.13 }

CLOSED

(MAN UA L)

4.14

CLOSED

(MANUAL)

APPROACH REENTRY AND

RECOVERY MODES ONLY

COMPONENT

NUMBER

4.13

4.14

4.18

ITEM DESCRIPTION

VALVE, RELIEF AND MANUAL SHUTOFF, NORMALLY CLOSED
CAP, SEALING

DISCONNECT, (ONE CONNECTION)

LEGEND

O HUMAN OPERATION

[] MECHANICAL OPERATION

O/C OPEN OR CLOSED

Figure 21. Back Pack Oxygen Supply, Logic Diagram
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4

.

are mounted in the service module. Each radiator is divided into

independent circuits. The heat rejection rate may thus be varied

for different heat loads by activating more or fewer numbers of

the radiator tube passages, which, in turn, vary the amount of

active zadiating surface. The independent circuits in each radi-

ator also provide crew safety by incorporating the capability of

eliminating a leak in a radiator section caused by meteoroid

impacts. Mission success and crew safety reliability for the

radiators have been apportioned at 0. 99995 and 0. 999998

respectively.

Gold plate circuit-The cold-plate circuit is also connected to the

ECS water-glycol circuit. Cold plates provide the means of cool-

ing the electronic modules in the spacecraft. Approximately forty

cold plates are provided as heat exchangers. The cold plates are

in contact with the electronic modules requiring cooling. Cool

water-glycol circulates through internal passages in the cold

plates. The cool cold plate surfaces absorb heat from the elec-

tronic modules, which is in turn transmitted to the water-glycol

circulating in the cold plates.

Mission success and crew safety reliability for the cold-plate

circuit have been apportioned at 0. 99995 and 0. 999999,

respectively.

The Design and Thermodynamics personnel presented 33 different

cold-plate circuits with varying amounts of redundancy and selec-

tivity for cooling electronic modules. It was requested that these

circuits be analyzed for the optimization of weight versus

reliability.

Approximately 50 percent of the circuits could be eliminated

immediately because insufficient cold plates were included to

cool the number of modules requires. After preliminary analysis,

additional systems were eliminated because of weight or complex-

ity factors.

Further analysis of the remaining circuits resulted in the

following conclusions. To achieve the high reliability values

indicated for this circuit, cold plate circuits require a minimum

amount of valving of the simple manually controlled on-off type.

At least two individual, isolated cooling circuits should be pro-

vided, and each system should be capable of safely returning the

Apollo to earth by itself, l_edundant pass cold plates should be

provided only for mission essential or crew _o._y. _.
. '. ' ) _v ....
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. Waste management system -- The waste management system's

purpose is to provide control of human waste. The systemrs

function may be broken down to provide the following functions.

Control of urine by collection, chemical treatment to kill

bacteria, storage, and finally dumping into space

Control of feces by collection and sanitized storage

Control of debris by collection with a vacuum cleaner

Mission success and crew safety reliability for the waste manage-

ment system have been apportioned at 0. 999965 and 0. 999998

respectively.

Three variations of the waste management system were presented

by the design group for reliability analysis. The major difference

in each variation is the manner in which the mode selector valve

and urine disposal lock are isolated to prevent inadvertent venting

of the command module atmosphere to space through these

components.

In system I, the urine lock is isolated both upstream and down-

stream by the mode selector valve, which is, in turn, isolated and

backed up by a simple open-close manually operated valve down-

stream in the urine overboard vent line. This system conforms to

the apportioned reliability and is being developed for use in Apollo.

System IIisolates the urine lock with an upstream solenoid valve

and the mode selector valve downstream. The mode selector

valve is in turn backed up by manual on-off valve downstream in

the urine vent line.

System III employs a solenoid valve upstream from the urine lock,

a solenoid valve downstream to prevent liquid (urine) flow, and a

mode selector valve to prevent gas flow. The upstream solenoid

valve and mode selector valve are backed up for atmospheric

venting by the downstream solenoid valve.

System I, uncomplicated by additional components, that must

operate sequentially, and by the relatively high failure rates of

these components (solenoid valves), exhibited the high appor-

tioned reliability presented in the preceding discussion.
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Design Review

The first formal reliability design review on Apollo systems was con-

ducted on the ECS design concept.

The Design Review Board approved the ECS design concept with the

following major recommended action items.

i. Weight and balance effect studies be continued on the effects of

including an additional redundant suit compressor, water -glycol

pumps, and cabin fan to improve predicted mission success and

crew safety probabilities

2. Filling procedures be investigated for the liquid systems (water

management, water-glycol, and ground and launch freon cooling)

to assure total fill and elimination of possible air entrapment

3. Further review of possible atmospheric contamination sources,

control of contamination, and the possible need for in-flight

contamination monitoring

4. Human factor studies on the human operations required for crew

safety and possible required system changes as a result of such

studie s

The detailed minutes of the Design Review Board meeting are pre-

sented in Figure 23 at the end of this section.

Failure Effects Analysis

The results of the failure effects analysis performed on the ECS

schematic "E" change are presented at the end of this section in Table 2.3.

TEST PROGRAM

The principal effort during this reporting period has been the reorien-

tation of the environmental control subsystem qualification program. This

redirection is intended to optimize the amount of engineering information

that can be derived from each test article and to determine the number of

test articles for qualification on the basis of equipment criticality (defined

in general terms as the effect of a particular equipment item failure on crew

safety). As a result of this program reorientation, the number of systems

previously designated as qualification-reliability hardware has been reduced

from 15 to 6. This figure includes three refurbished development systems.

Component development tests are currently being conducted on several

types of check valves for use in the pressure suit circuit and water-glycol

circuits. Informal reports indicate the AiResearch is experiencing some

trouble in this area. The exact cause or effect will not be known until

AiResearch failure analysis is received and evaluated. A performance
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demonstration of the following components was witnessed at AiResearch:

(1) wick-type water separators and pump assemblies, (Z) centrifugal water

separator, and (3) a heat exchanger package.

The demonstration of item 1 was conducted under ambient tempera-

ture and standard'atmospheric pressure. The results indicated that water

removal and pumping action were satisfactory under the stated conditions.

This is no assurance that the same results will be achieved under mission

environments.

Item 2, the centrifugal water separator demonstration, was only

partially successful and indicated considerable more research and develop-

ment will be required.

Item 3, the heat exchanger package, was mounted in the altitude

chamber with simulated mission cabin pressure. This stage of development

requires frequent adjustment and balancing of controls and flow regulations,

and the results observed at this time are not a true indication of the sub-

system's performance capability. Considerably more testing will be done in

this area.

SUBCONTRACTOR MANAGEMENT

AiResearch

Reliability at AiResearch on the Apollo environmental system during

the fourth quarter of 1962 was limited due to redirection as a result of the

cost reduction program. As a result, a complete reorientation of the quali-

fication and reliability program within the constraints of the 1963 budget was

made.

The Reliability Program Plan, SS-1003-R, has been revised in accord-

ance with S&ID critique. Submittal of this plan is being held up pending

resolution of the Program Teat Plan, SS-1001-R.

i. Reliability design reviews

al Reliability design reviews have resulted in a redesign in the

water management systems with a definite improvement in

crew safety and mission success.

b. Design reviews have resulted in a redesign of the waste water

separator unit. Two methods are being investigated.
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C,

. Accumulator type, with positive expulsions and elimina-

tion of oxygen entering the waste water tanks

_c.I_._ .... ] *ypP__ similar to the separator used in the

fuel cells

To date, 84 percent of the ECS and GSE prototype items have

been subjected to at least one design review by the

subcontractor.

Document surveillance

Surveillance of subcontractor and S&ID documents to the

subcontractor for conformance to reliability and system require-

ments has continued. The following documents were received and

reviewed during the last reporting period.

a. AiResearch Drawing 51175, Environmental Control System

Schematic Diagram, Revision C, D, and E

b. SS-1014-R, Revision Z, Design Criteria Specification

c. AiResearch Drawing 51175 D, Environmental Control System

Schematic Diagram

d. SS-1000-R, Revision 4, System Specification, Environmental

Control System

e. SS-101Z-R, Revision Z, End Item Test Plan

f. SS-1008-R, Revision Z, Manufacturing Plan

g. SS-84100, Pressure Distribution Test Set GSE System

Specification

h. SS-1001-R, Revision Z, Test Plan

i. SS-I035-R (Z), Quarterly Reliability Status Report

j. SS-1013-R (6), Monthly Progress Report

k. SS-101Z-R (3), Quarterly Progress Report

I. SS-844900, System Checkout Console GSE _ystem

Specification
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m. SS-1022-R, Drawing List

n. SS-1013-R (7), Monthly Progress Report

Ol S&ID 62-10, Statement of Work for the Apollo Environ-

mental Control System, (iZ October 1962, Revision), Rough

draft, final revision and Dec., 1962 Qualification Test

Addendum

3. Coordination meetings

.

Monthly coordination meetings are scheduled to be held on the last

Monday of each month with the locale of the meeting alternating

betweenS&IDandAiResearch. However, as a result of the effort

required by S&ID and AiResearch in adjusting the program to the

requirements of the cost reduction program, the monthly coordi-

nation meetings have been temporarily suspended. In the interim,

meetings are called by S&ID or AiResearch as clarification and/or

resolutions are required on specific problems. Meetings attended

during the last reporting period and the subjects discussed are as

follows :

a. October 16 - Design Review of Century System, Inc., valves

b. October 22 - Monthly Coordination Meeting

Co November Z0 - ECS "D" Revision Schematic Logic Diagrams,

Failure Mode and Effects Analysis, and State-of-the-Art

Failure Rate s

d. December 4 - Qualification Test Plan

Test program

a. Program test plan (SS-1001-R)

A major revision of this test plan is being prepared by

AiResearch in accordance withS&ID redirection. The test

plan will specify the single and combined environments,

climatic-dynamics, and mission type and will incorporate the

off-limit and life tests as determined to meet the require-

ments of crew safety and mission success with the reduced

number of test items.
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b. Hardware utilization

Prior to the cost reduction and qualification-reliability

reorientations and test program a_-_r_n._......... . a total of 23 equiv'

alent systems were allocated for a development, qualification

and reliability test program: 18 sets to be used for develop- _

ment, 7 sets to be used for qualification, and 8 sets to be

used for reliability demonstration. Under the revised test

program, a total of eight equivalent systems have been allo-

cated for development and qualification, five sets for develop-

ment and three sets for qualification. To accomplish the

desired reliability under simulated mission environments, it

was planned to use three of the development systems for

Phase A, Parts 1 and 2, tests. We were advised by our

supplier, AiResearch, that the development hardware would

not be final configuration spacecraft-type hardware and,

therefore, would be unsuitable for use in the Phase A, Parts

1 and Z, of the qualification tests.

In order to implement Phase A, Parts 1 and 2, of the qualifi-

cation test plan, the hardware utilization list will have to

provide the required equipment.

c. Component development test

do

Development tests are currently being conducted at

AiResearch on several types of air and liquid check valves,

accumulator and centrifugal types of water separators, fluid

pumps, suit compressor, and the suit circuit evaporator and

circuit loop.

All development testing is conducted under reliability surveil-

lance by means of AiResearch universal trouble reporting

systems (UTRS).

Qualification tests

Qualification test requirements for the environmental control

system have been prepared by Apollo Reliability Test Group

and transmitted to the Environmental Design Group to be

incorporated in SS-1000-R.

Qua!ific__tinn tests are scheduled for 15 March 1963. How-

ever, this is a planned date and may be unrealistic because

of design considerations.
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Component Suppliers

Reliability activity with subcontractors concerned with associated ECS

equipment has been devoted to preparation of reliability requirements for

procurement specifications and an investigation of proprietary mechanical

screw-thread-type fluid fittings suitable for use in Apollo.

i. Specifications

Reliability requirements were prepared for the following

S&ID procurement specifications.

a. MC Z84-0050, Procurement Specification, Ventilating Waste

Management System, ventilating check valve

bl MC 901-00Z4 Procurement Specification Waste Management

System, vacuum cleaner

C. MC 901-00Z5 Procurement Specification, Waste Management

System, control unit

do MC 901-0027 Procurement Specification, Waste Management

System, bacteria control unit

e. MC 901-0029 Procurement Specification, Waste Management

System, urine disposal iock

f. MC-901-0030 Procurement Specification, Waste Management

System, blower

el MC 901-0068, Procurement Specification, Waste Management

System, backup valve

2. Fluid fitting investigation

Although it is planned to use welded or brazed tube connections

throughout the Apollo spacecraft for high reliability, a minimum

amount of threaded tubing connections will be required. Because

of the stringent functional, environmental and reliability require-

ments, most proprietary and standard screw-type fittings are

incapable of satisfactory performance. S&ID's Component

Technology Group, at the request of Apollo Reliability, has there-

fore conducted a survey of screw-thread-type fluid fitting manu-

facturers to determine which fittings are most likely to meet

the required Apollo parameters.
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Twenty-two companies were contacted. Answers were received from

eighteen. Three suppliers indicated the lack of a unique fitting, one was no

longer in the fitting business, and five companies requested and received

more time to prepare a submittal.

The nine proposals received to date are currently being reviewed.

Preliminary indications are that only two of the fittings proposed are worthy

of further investigation and testing. Final judgment will be withheld, how-

ever, until the review of the proposals is completed.

PLANNED ACTIVITIES

As the ECS design undergoes further design refinement, logic dia-

grams and failure mode and effects analysis will be updated to conform to the

changes. With these aids, numerical reliability analyses will be continually

updated to determine potential reliability growth. Recommendations to opti-

mize the system components for reliability numerical requirements will be

issued.

Commencement of reliability activity on interface problems and inte-

gration of the ECS with gEM requirements are expected during the next

quarter. Quarterly reliability status summaries for the ECS including

recommendations for reliability improvement will be issued regularly.

Items of major importance scheduled for the next quarter are

1. Revision to Program Test Plan SS-1001-R

Release of prototype environmental control system development

test procedure

. Continued development testing of the prototype glycol subsystem

and various subassembly components
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APOLLO-RELIABILITY/CREW SAFETY DESIGN REVIEW BOARD REPORT i 7
PAGE_ OF

SUBJECT En______vlronmentalControl System DATE_

REVIEW SCOPE Ev_ aluatlon of System DESIGN REVIEW NO._

Reference: 1. System Specification E.C.S.-SS-IOOO-R Rev. 4 20 Nov. '62

2. Design Criteria Specification E.C.S.-SS-IOI4-R Rev. 2 12 Oct.____6_

3. Failure Mode Analysis

DESIGN UNIT__ Mechanical System Design

TYPE OF REVIEW

r_1 PRELIMINARY r-_ MAJOR

r--10TIIER [--'1 APPUCATION

[] APPROVED

OTHER:

RESULTS

[] DISAPPROVED-
RESCHEDUIE

...................... REVIEW BOARD

Approved

B. H. Hershkowitz

Rellability/Crew Safety

Design Review Chairman

R. W. Swi_art

RESFONSIBLE DESIGN REVIEW ENGINEER (DATE)

REMARKS: The first Reliability/Crew Safety Preliminary Design Review resulted

in exceptionally good participation. Inputs from the Review Boards

NO

evaluation 2 which most directly affected the conceptual design phase of

the Environmental Control System, were included in the meeting agenda. _4

A summary of the consideration items discussed (not necessarily in

the order of importance) together with the board recommendations

Consideration Sunmm_ry ACTION BY

First Order Abort Failure Modes

An abort maneuver is required on any failure mode in which the

next failure will result in catastrophic loss of the Spacecraft

and Crew. As a result of this t_e of failure the reliability

goal for mission success would be reduced. The following areas

were discussed as t_pical of this situation:

(a) Two compressors versus three compressors in the suit
cooling Io0£L.

b_ Two water-glycol pumps versus three water glycol pumps in

FORM 964-C-I REV. 7162 N_.S&ID

Figure Z3. Design Review Board Report (Sheet I of 7)
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APOLLO-RELIABILITY/CREW SAFETY DESIGN REVIEW BOARD REPORT

(CONTINUATION SHEET) PAGE _ OF____

SUBJECT: Environmental Control System
DATE

NO. Consideration Summary

the cabin and service module heat exchanger cooling loops.

(c) Two cabin circulation fans versus three fans.

(d) Failure of GSE circulation control valve 2.11 to remain

open during flight (reference SS-IO00-R Rev. 4 Page 53)

(e) Failure of one of the bladders "within the (Freon and

waste-water) potable water or the water-_ivcol storage

tanks.

The Board recommended the following:

(a) The use of three compressors, three fans, and three water

pumps should be reinvestigated as to the effect upon space-

craft weight and center of gravity restrictions in the

interest of maintaining the reliability requirements for

mission success.

_obulqan

ACTION BY

Hershkowitz

NOTE: It was stated that this investigation could be

included with the current evaluation of the NASA proposed

centrifugal water separator.

(b) Effort should be made to eliminate the first order failure Bouman

modes that would cause mission abort such as the 2.11 valve

and the stora6e tank bladder failures.

Radiation and Meteoroid Requirements

The removal of the radiation and meteoroid requirements from

the S&ID environmental criteria primarily reduced basic cost

of the AiResearch Test Program. It was noted that S&ID will

continue to monitor the material used throughout the system to

insure compatability with current knowledse of radiation levels

expected.

Liquid System Filling Procedures

Provisions for venting the various liquid systems during the

filling operation was not adequately described within the

specification. Failure to adequately fill the water-$1ycol

system or subsequent leakage of GO_ into the system through the

expulsion bladder would cause the water-glycol pumps to cavitate

FORM 9_-C-2 (REY, 7-62) NAA S&ID

Figure 23. Design Review Board Report (Sheet g of 7)
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APOLLO-RELIABILITY/CREW SAFETY DESIGN REVIEW BOARD REPORT

__ ,v(CONTINUATION SHEET) PAGE 3 OF__

SUBJECT: Environmental Control System DATE

NO. Consideration Summary ACTION BY

resulting in loss of the cooling system. In addition it was

indicated that water-glycol and 100% 02 may produce some

unwanted by-products.

The Board recommended that:

(a) Special provisions for insuring 100% filling capability be Boum_n

developed and included in the Specifications.

(b) An evaluation of the effects of glycol versus 02

by-products on either water-51ycol or 02 systems should

be made.

4 Water-Glycol Filtration Requirement

A sinsle water-slycol filter is provided to protect the pumps_

valves and orifices from malfunctions caused by contaminates.

The following areas were discussed regarding the filter

_ou_lan

requirements:

(a) The amount and size of contamination expected in the 5oun_n

system as a result of GSE checkout and countdown

circulation.

(b) The possibility of exceeding the contamination capability Eouman

of the filter in which case a by-pass would open allowing

collected contaminate to pass if proper design techniques

were not employed.

The Board recommended the f_llowing action:

ia_ the specification should include contamination particle 5ouman

size distributim and quantity requirements.

(b) The by-pass provisions of the filter should be adequately

designed t_, preclude washing action of the collected

contaminates during periods of by-pass operation.

(c) A method for detecting when by-pass has occurred during__ _ _ouman

checkout should be pr_vided.

NOTE% LTigher fl,Jw rate than normal through the filter

fr,)m GSE supply misht be used to insure that by-pass will

not occ,_r immediately after tilt-off at normal flow rates.

fORM 964 C 2 (R[V 7 b2) NAA $&JD
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SUBJECT:

APOLLO-RELIABILITY/CREW SAFETY DESIGN REVIEW BOARD REPOR_
4- 7

(CONTINUATION SHEET) PAGE__ OF____

Environmental Control System
DATE

,,_.w

NO. Consideration Summary

id) Contamination level monitoring should be provided as

part of GSE.

Toxicity Detection and Gas Analyzer

Crew reaction -_nd performance due to the presence of various

gases such as glycol, R.C. fuel_ and excessive CO 2 levels over

extended time periods have not been thoroughly evaluated.

Present state of the art is primarily based upon commercial

applications. The human tolerance of _lycol_ on a 40-hour

week, 8-hour day basis is approximately 200 PPM; however_ this

may not be acceptable to the crew during a period in which

continuous exposure for several days is experienced. CO 2 is

controlled by replacement of Lithium Hydroxide elements into the

suit loop on a scheduled basis. Malfunction or failure to

replace of one of the 28 units could cause CO 2 to develop in

excess of safe limits which would reduce crew performance and

adversely affect their health. 'While excessive CO 2 and glycol

is not lethal in small quantities, the presence of R.C. fuel

vapors is especially dangerous during the post landing phase.

The present operational concept doesn't include _ _as

analyzer for use throughout the mission; although_ it was

ACTION BY

_ou.m_n

pointed out that NASA is currently evaluating several analyzers

which may be available in the future.

the Board recommended that the need for a gas analyzer for Bouman

leak detection of the various gases and crew warning should be

thoroughly investigated and Sustified to NASA.

Fire Hazard of i00_ 02

Many materials including aluminum will support combustion when

exposed to a fire in a pure O_ atmosphere. Crew safety will be

jeopardized by the reduced time available for them to get into

their pre%surized space suits before cabin depressurization can

be allowed to evacuate the 02 and the fire. It is expected that

under emergency conditions the crew can put on their suits in

FORM 964.C.2 (REV. 7-62) NAA S&ID

Figure Z3. Design Review Board Report (Sheet 4 of 7)
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APOLLO-RELIABILITY/CREW SAFETY DESIGN REVIEW BOARD REPORT

(CONTINUATION SHEET} PAC-E___5 OF v

Environmental Control System
SUBJECT: DATE

NO. Consideration Summary ACTION BY

less than 5 minutes; however, it was pointed out that to date

S&ID tests have indicated that 5 minutes has not been adequate

when attempted in a simulated cabineconfinement.

The Board made the following recommendations to help reduce the

hazardous effects of this condition.

Bouman(a) Survey all materials to be used within the crew compartment

to insure that they have high ignition temperature and

low absorbent qualities associated with i00_ O 2.

(b_ Insure that all inspection procedures for welding of

(c)

tubing or structure do not call for a dye penetrant which

can support combustion in pure 02 gas.

Insure that materials selected within the cabin are lint

Bouman

!Bouman

and dust free.

(d) Continue to investigate crew reaction times associated Bouman

with emergency donning of space suits.

NOTE: Suit design and development is a NASA

responsibility; however, excessive use of 0 2 in the process

of putting the suits on will adversely affect the S&ID

Apollo Spacecraft design. It is expected that a design

which is compatible with the five-minute criteria will be

developed, but further attempts should also be made to find

a way to allow immediate emergency depressurization of the

cabin in the event of fire by the application of pressure

to a partial space suit while the helmet is being put on

and secured for breathing.

Manual Valve Operational Complexity

Manual positioning of valves by the crew is necessary at various

phases of the mission. To insure that this is not confusing to

the crew t Human Engineering is assisting in the positioning of

valve actuation levers on the control panel to be properly

oriented Mith respect to function and direction. In addition

to the current program the Board recommended that:

(a) The 02 suit inlet valve be plainly marked for minimum Bouman

breathing needs to prevent inadvertent asphyxiation

FORM 964-C-2 (REV, 7-62) NAA SlID

Figure 23. Design Review Board Report (Sheet 5 of 7)
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(CONTINUATION SHEET) PAGE__ OF___

SUBJECT: Environmental Control System DATE__

NO.

9

lO

Consideration Summary ACTION BY

as a result of crew induced reduction of cooling

GO 2 flow.

(b) Continue developing adequate malfunction isolation Bouman

techniques and crew accessibility to those controls

which could develop into required emergency crew action.

Reliability Goals for SubContractor Suppliers

Special emphasis was made by Board members for the need to

acquaint sub-contractor suppliers with the same reliability

goals expected of S&ID and the sub-contractor. These should be

pointed out in accordance with NCP -200-2 as applicable to the

supplier.

No special Board recommendations were made regarding this item.

Requirements for Post Landing Cabin Conditioning

The extremely high loads imposed by impact on land or water

introduces the possibility of damage to the water-glycol, R.C.

fuel, 02 entry supply systems. This damage would reduce the

effectiveness of the post landing conditioning system. This

item did not result in any action item; however, some

attention to the crew action required immediately followin5

the landing needs to b_studied in conjunction with Item

above,

Future Design Changes Requiring Review -

Normal procedure requires that significant design changes be re-

reviewed at the discretion of the Design Manager and Reliability

Manager. Two areas which could cause rereview of portions of

this system are:

(a) The centrifugal water separator system recommended by

NASA for removal of water from the suit loop of the

Envir:onmental Control System.

(b) Desi_u changes as a result of current analysis progressing

on the waste water versus Freon systems for the water-

glycol cooling circuit could cause rerevlew.

FORM 9_-C-2 (REV. 7-62) NAA S&lO

Figure 23. Design Review Board Report (Sheet 6 of 7)
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ll Re-entry GO? Supply Purity Requirements

The above item was added to the agenda during the meetln5 to

point out to the Board that current purity requirements of

99.95% pure for the GO 2 system imposes a condition in which

cleaning fluids are not currently available which will satisfy

the requirements.

The Board recommended that the purity requirements of the Morris

re-entry GO 2 storase s[stem be re-evaluated in view of the

current stage of the art cleaning fluids. It is suggested

that both areas be thoroughly investigated until an acceptable

compromise can be obtained.

FORM 964-C.2 (REV, 7.62) NAA S&ID

Figure 23. Design Review Board Report(Sheet 7 of 7)
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COMMAND MODULE REACTION CONTROL SUBSYSTEM

During the quarter beginning 1 October 196Z, primary engineering

effort was directed toward a continued attempt to select a command module

reaction control system design configuration that would have acceptable

performance levels, including reliability. The latest design configuration

under consideration (i.e., propellant system - dual) has been analyzed and

is described herein. The reaction control system reliability requirement

is 0. 999969 and can be achieved with the component reliability values

allocated. Present state-of-the-art component reliabilities require

improvement since system reliability synthesized from state-of-the-art

values is only 0. 993473.

This report includes (i) a description of a reliability study that com-

pares six design configurations, (2) a failure effects analysis that considers

all pertinent modes of failure, and (3) a rocket engine report and test

program.

CONFIGURATION ANALYSIS

Command Module RCS Description

The purpose of the reaction control system (RCS) is to maintain

spacecraft attitude control in the absence of atmosphere by providing con-

trolled thrust about the three spatial axes. The command module RCS is

specifically required to provide this attitude control for the command

module after separation from the service module. Reorientation of the

command module must be accomplished before reentry so that the heat

shield will be in the required reentry position. During reentry, positive

attitude control is absolutely necessary to achieve the highly restricted

reentry window, flight path envelope, and parachute deployment. The

system is designed to operate without gravity requirements and can be

subdivided into pressurization, reactant supply, and engine bank subsys-

tems. The pressurization subsystem provides, at the proper time, care-

fully regulated gas pressure to expell the hypergolic reactants from the

reactant storage and supply subsystem in the required ratio to the reaction

engine bank.
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Reliability Studies

A reliability analysis, comparing six proposed configurations, was

completed during this quarter on the command module RCS. Table 24

presents a summary of the results:

Table 24. Results of Reliability Analysis

Configu ration

1 (Ref. Figure Z2)*

Z (Ref. Figure 23)*

3 (Ref. Figure 24)*

4 (Ref. Figure 25)*

5 (Ref. Figure 26)*

6 (See Figure 24 herein)

Command module RCS reliability

requirement: 0.999969

State -of-the -Art

Reliability

0.99601

0.99606

0.99624

0.98560

0.99036

0.99347

Apportioned

Reliability

0.999980

0.999984

0.999978

0.999967

0.999978

O. 999969

* Reference SID 6Z-557-3, "Third Quarterly Reliability Status

Report"

The following is

Configuration 1

Configuration 2

Configuration 3

Configuration 4

a brief description of each configuration:

(a) Dual system with propellant interconnects

(b) Parallel vapor check valves

(a) Dual system with propellant interconnects

(b) No vapor check valves

(a) Integrated helium subsystem

(b) Dual propellant subsystem with interconnects

(c) Dual engine bank

(a) Triple propellant subsystem with interconnects

(b) Dual helium subsystem with interconnects

(c) Dual engine bank
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Mathematical Model For The Command Module Reaction Control System

• = = R2
Propellant System Dual Configuration Reliability R(PSD) + 2 R q Rvo

in which : R = RA RB RC, q = 1 -R

where : RA = Rhelium tank (Rfill valve +Rcap Rfill valve Rcap)

Rsquib valve Rfilte r (2 Rregulator 2 - Rregulator 4)

Rfittings Rtubing

RB=
2 4) 2

(2 Rchec k valve - Rheck valve (Rrelief valve

Rfilter + Rburst disk - Rrelief valve Rfilter Rburst disk )2

- ap)2 2(Rent valve + Rcap Ren t valv e R Rsquib valve

Rox tank Rfuel tank (Rfill valve + Rap - Rfill valve
2 2

Rcap) (Rburst disk Rfilter) Rfittings Rtubing

2 6

RC = Rflow meter Rfittlngs Rtubing Rngines

and : R = 0.994898, R2 = 0.989822, q = 0.005102, R ° = 0.999522

therefore : R(PSD ) - 0;989822 + 2 (0.994898) (0.005102) (0.999522)

= O. 999969

Definitions:
RA = Reliability of Helium Pressurization Sybsystem

RB = Reliability of Propellant Supply Subsystem

RC = Reliability of Engine Package Subsystem

Rvo= Reliability of Solenoid Valve Operation (two valves)

R = Reliability of one side of the dual system

q = Probability of failure of one side of the dual system

R(PSD) = Reliability of Dual System

Figure 24. Command Module Reaction Control System Logic Diagram

"^''"'-'"' " i I
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Configuration 5

_. ,,

(a) Integrated helium subsystem

(b) Triple propellant subsystem with interconnects

(c) Dual engine tank

I

Configuration 6 (a) Dual system with no interconnects

(b) Quadruple regulators and check valves

Configuration 6 was selected because it requires a minimum of crew

action relative to switching in alternate modes and because it meets the

reliability requirement with a minimum of weight.

Table Z5 presents the component Reliabilities used in this study.

Configuration 6

This configuration is of the latest design, has been tentatively adopted

by propellant systems, and is a composite version of previously evaluated

designs. The recommendations (by Apollo Reliability) that were adopted

included (i) dual diaphram reactant expulsion tanks, (Z) quadruple helium

pressure regulators, and (3) quadruple helium check valves upstream of the

reactant tanks. The only reliability recommendation not adopted was the

reactant supply interconnect. This feature would have permitted the emer-

gency use of the engine bank of one system with the propellant supply of the

other. The recommendation was not incorporated because of its possible

requirement for crew intelligence and valve operation during the severe

reentry environment. Figure 24 presents the logic block diagram and

mathematical models for this configuration.

Failure Effects Analysis

A command module RCS failure effects analysis has been completed.

It outlines each type of failure for every item in the system and evaluates the

effect of these failures on the performance of the system components, the

system itself, and the spacecraft as a whole. The analysis is presented in

Table Z6 at the end of this section. This failure effects analysis justifies the

redundancy requirements illustrated in Figure Z4 that were initially deter-

mined by preliminary considerations.

Rocket Engines

Rocketdyne, manufacturer of the Apollo command module RCS engines,

has held design reviews covering the thrust chamber assembly and the

propellant valves. A preliminary rocket engine failure mode analysis has

been performed; however, corrections are needed before the analysis is

complete. A detailed reliability apportionment has been performed con-

currently with this failure mode analysis.
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Table 25. Command Module RCS State-of-the-Art and Apportioned

Component Reliabilitie s

Component

I. Burst disk

2. Connections hydraulic

3. Filter, mechanical

(in line)

4. Flow meter

5. Plug, cap (use fitting)

6. Regulator, pressure,

pneumatic

7. Tank, helium (pressure)

8. Tank, positive expulsion

(dual diaphragm)

9. Valve, check

I0. Valve, fill (fuel)

II. Valve, fill (pressure)

lZ. Valve, relief (pressure)

13. Valve, solenoid, multiple

path (operational mode)

14. Valve, solenoid

(stand-by mode)

15. Valve, squib (parallel

filament)

16. Valve, vent (pressure)

17. Rocket engine

Failure*

Rate x I0 -6

16

5Z**

390

4. Z

83**

IZO

8.8**

7.3**

ZOO

Z39

5.2**

5Z0**

200

5000**

Ope rating

Time (hr

or cycle)

1 cycle

0.75

336

0.75

0.75

0.75

336

336

0.75

336

336

0.75

1 cycle

0.75

1 cycle

0.75

0.75

State -of-the -Art

Reliability

0.999983

0.999978
0.990256

O.999988

0.999961

0.999708

0.998589*

0.972112*

0.999910

0.997043

0.997547

0.999850

0.999761

0.999996

0.999480

0.999850

0.996Z50"

*Procurement specification reliability values that are different
from this table:

7. Helium tank = 0. 999940

8. Positive expulsion tank = 0. 999900

17. Rocket engine = O. 999480

**Compiled or extrapolated values
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A rough draft of the reliability program plan has been completed but

requires revision to reflect the redirected scope of reliability testing as

required by the revised procurement specification. The revised Reliability

Program Plan, Rocket Engine Failure Mode Analysis, and Reliability

Apportionment Report are scheduled for release during the forthcoming

qua rte r.

TEST PROGRAM

Command Module Rocket Engine

Rocketdyne is currently writing a test program and preparing test

procedures and specifications for engine components. The engine procure-

ment specification (MC 901-0067A) was revised by S&ID as a result of

qualification program redirection. Rocketdyne's schedule for the next

quarter includes development testing on valves and the thrust chamber.

Reaction Control Propellant and Pressurization Subsystems

Propellant seal and 0-ring compatability tests and methods of brazing

and welding tube connections are being evaluated at S&ID Engineering

Development Laboratories. The fixture to be used for system evaluation of

the reaction control systems is complete and testing of components for the

Phase 1 RCS breadboard test program is now in progress. Development

testing of components for the Apollo reaction control propellant and

pressurization subsystems will commence during the next quarter

Effects of Qualification Program Reorientation

As a result of the recent qualification program redirection, a total of

68 Rocketdyne command module component RCS engines were deleted from

the test program, Also, the number of tests was reduced, a total of 17

Rocketdyne engine solenoid valves were deleted, and the maximum number

of components within the propellant feed system was reduced from IZ to 7.

The actual number of components allowed for testing is based upon critic-

ality. The requirements for sand, dust, and salt spray tests were also

deleted.

PLANNED ACTIVITy

A combined safety and reliability study is planned that will consider

command module RCS rocket engihe failures, using the results of a recent

therrno and fluid dynamics engine analysis
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SERVICE MODULE REACTION CONTROL SUBSYSTEM

Progress accomplished during the past quarter on the service module

reaction control subsystem (RCS) consisted of (i) evaluation of the

presently proposed quad subsystem (Z) a modified quad subsystem, and

(3) completion of a subsystem failure effects analysis. As a result of these

analyses, it has been determined that the present quad and the proposed

modified quadmeets the required reliabilities. Table Z7 presents a

summary of the results based on component required reliability rates and

component state-of-the-art failure rates.

Table Z7. Reaction Control Subsystem Component Reliability Comparison

Configuration

Mission Success

(3 out of 4)

Crew Safety

(Z out of 4)

Based on Component

Quad

Modified quad

Required

Required Reliability Rates

0.999732

0.999675

0.99941

0.999989

0.999971

0.999970

Based on Component State-of-the-Art Failure Rates

Quad

Modified quad

Required

O.996337

0.994464

0.99941

0.999398

0.999013

0.999970

CONFIGURATION ANALYSIS

Subsection Description

During the previous quarter, a reliability analysis was performed on

the service module reaction control system. The purpose of the analysis

was to investigate modifications proposed for the present quad system so

that the exact magnitude of possible increased reliability could be deter-

mined. The modifications considered were (1) the physical isolation of

the reaction control engines in order to minimize the extent of the damage

209 -
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in the event of an explosive engine failure, and (2) the addition of two

solenoid valves in each quadrant to provide for a more selective engine

shut-down capability. If an engine valve should fail in the present quad

system, it would be necessary to shut down four engines. The proposed

modifications would necessitate the shut down of only two engines if an engine

valve should fail. Figure 25,following the mathematical models, shows the

difference in the engine configuration for the present and the modified

system.

Comparison of results for the quad system and modified systems are

presented in Table 27. The results of the analysis indicated that the quad

system was more reliable than the modified system for all cases and

criteria considered. One reason why the modified system failed to have a

higher reliability than the quad system was because additional hardware

was required to provide more selective engine shut-down capability. The

opinion is that the modifications would be detrimental to the system from a

reliability and weight viewpoint. The evaluation of subsystem crew safety

is based on results of a derived density function similar to that shown in

the abort criteria section. Table 29, following the mathematical models,

presents a list of the component failure rates used in this study. The

mathematical models used in the analysis are presented in the following

table.

Table 28. Quad System Mathematical Models

MISSION SUCCESS

R
mission success

REGULAR QUAD

(Two of Four for Minimum Control)

jR4 ][4 3module RZ module + 4Rz module

(I - R Z module' RZ Zsolenoid + 6Rz module

(i - R Z module )Z R4olenoid}

(I - R 1 module' R_olenoidl

2

(i - R 2 R2 I+ 3Rz module module' solenoid

+ i4R3odule

[R_ module

210 -
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Table 28. Quad System Mathematical Models (Cont)

MODIFIED QUAD

(Two of Four for Minimum Control)

MISSION SUCCESS

R
mission success = [R 4 8 subsystem}propellant supply RI engine

RZ propellant supply RZ engine subsystem

+ RZ propellant supply RZ engine subsystem

4

(1 - R Z propellant supply ) Rsolenoid valve

+ 6 R propellant supply RZ engine subsystem

(1 - R z )Z 8 lpropellant supply Rsolenoid valve

+ 8 R propellant supply RZ engine subsystem

1(1 - R z engine subsystem ) Rsolenoidvalve

+ 28 R2 propellant supply R2 engine subsystem

Z R 4 ](1 R2 engine subsystem ) solenoid valve

+ 3Z RZ propellant supply- R2 engine subsystem

+

+

(1 RZ propellant supply )

R6 valve](1 RZ engine subsystem ) solenoid

Three Failure (Negligible) I

4 R1 propellant supply R1 engine subsystem

(1 R, ) R 4 ]

I propellant supply solenoid valve]

- 211 -
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Table 28. Quad System Mathematical Models (Cont)

Z propellant supply RZ engine subsystem

+ 8 R2 propellant supply RZ engine subsystem

(1 - R z engine subsystem ) Rsolenoidvalve

+ 3 R propellant supply R2 engine subsystem

(1 - R 2 engine subsystem ) Rsolenoidvalve
I

+ Three Failure (Negligible) I
I

propellant supply R1 engine subsystem

(1 - R 1 engine subsystem ) Rsolenoidvalve

1l 4 7 ]RZ propellant supply RZ engine subsystem

I+ 4 RZ propellant supply RZ engine subsystem

R4 valve](1 - R z propellant supply ) solenoid

I+ 7 R2 propellant supply RZ engine subsystem

Z

(1 - R z engine subsystem ) Rsole/loidvalve

+ Three Failure (Neglibible)} I

Failure Effects Analysis

Table 30 at the end of this section presents results of the failure

effects analysis completed on the service module RCS components. A pre-

liminary failure effects analysis was previously conducted, which formed

the basis for the logic block diagram shown in Figure 15 of SID 62-557-3,

"Third Quarterly Reliability Status Report," 31 October 1962. The results

of the failure effects analysis presented herein show that previously

- 212-
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defined system logic is still valid. The equations shown herein present the

mathematical logic of the system based on the results of this failure effects

analysis.

TEST RESULTS

The rocket engine development test program and materials evaluation

testing is in progress at Marquardt. Included in this testing were engines,

thrust chambers, solenoid valves, and thrust chamber material coatings.

A 1-million-cycle life test was conducted on a single-engine solenoid valve

during this reporting period. Leakage tests were performed at specified

intervals throughout this test.

Marquardt is continuing to use statistically designed test plans in its

development test program and is using statistical methods to evaluate thrust

chamber coating thickness. This information is being used as an aid in

designing and assessing reliability.

Items of major importance in the test program for the next quarter

include: (i) continued development testing of the engine and thrust chamber

and minimum impulse testing using dual-coil solenoid valves, and (Z)

compilation of a list of all test instrumentation with rated accuracy.

Effects of Qualification Program Reorientation

As a result of the recent qualification program redirection, a total of

IZ Marquardt service module RCS reaction control system engines and a

total of 68 Rocketdyne command module RCS engines were deleted from the

test program. The maximum number of components within the propellant-

feed system was reduced from IZ to 7. The actual number of components

allowed for test is based upon criticality (the effect that its failur.e has on

crew safety). The requirements for sand and dust and salt spray tests were

also deleted.

SUBCONTRACTOR MANAGEMENT

Marquardt Corporation, manufacturer of the Apollo service module

RCS engines, has accomplished the reliability tasks as described herein

during the past quarter.

Part II of the reliability program plan describing the statistically

designed development test plans and reliability demonstration test plans was

completed. Because of the redirected reliability testing concept, the pro-

- Z15 -
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A formal design review of the propellant valves has been completed

and thoroughly documented. Further design reviews of the injector and

thrust chamber are scheduled for the forthcoming quarter.

Concurrent with the design review, a detailed failure mode analysis

of the propellant valves was performed. Similar analyses will be made of

the injector and thrust chamber during the next quarter.

During the ensuing quarter, completion of a failure reporting and

failure analysis system are contemplated. A training program is also being

developed and is scheduled for completion during the next quarter.

PLANNED ACTIVITIES

Additional subcontractors will be involved in the service module RCS

so that coordination with more suppliers than Marquardt will be necessary.

Continued analyses will be made to determine the degree of component

reliability improvement required. The results of the reliability analyses on

the various modifications willbe presented in the next quarterly progress

report.

Items of major importance in the test program for the next quarter

include (I) continued development testing of the engine and thrust chamber

and minimum impulse testing using dual coil solenoid valves, and (2)

compilation of a list of all test instrumentation with its rated accuracy.

- 216 -
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SERVICE MODULE SERVICE PROPULSION SUBSYSTEM

The reliability effort for this quarter on the service propulsion system

(SPS) covers a revision of the reliability allocations on the Aerojet-General

engine subsystem, a detailed failure _ffects analysis, acomparative analysis

of various propellant utilization systems, and an analysis of a parallel feed

system for the SPS propellants.

The service propulsion system current state of the art and required

reliability was calculated and the results are shown in Table 31. The service

propulsion system logic diagrams shown in the Third Quarterly Progress

Report, NA 62-557-3, are still valid.

Table 3 I. Service Propulsion System Reliability

System State of the Art Required

S/M - SPS 0. 9646 0. 999770

A major effort during this quarter has been the revision and updating

of procurement specifications and the evaluation of proposals for service

propulsion system components and subsystems.

CONFIGURATION ANALYSIS

Subsystem Description

The service module service propulsion system is comprised of the

following subsystems: helium pressurization, propellant feed, propellant

utilization, and engine. The purpose of the service propulsion system is to

provide thrust vector orientation and AV for midcourse corrections, lunar

orbit injection, and transearth injection.

The helium pressurization subsystem supplies regulated helium to the

propellant feed system and isolates the fuel and oxidizer vapors during

coast.

The propellant feed system, in turn, supplies pressurized fuel to the

- 221 -
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The propellant utilization subsystem allows the crew to adjust the fuel

to oxidizer mixture ratio, so that the propellants will be maintained at the

proper ratio and reduce the residual propellants to a minimum.

Results of Analysis

The mathematical model for the service module propulsion logic

network is as follows:

11-(i- 2)2}.11-(i-Rs.Rg)(I- 7)I
z {1 - (1 - R 3)[1- (1- Rio)(1- Rll)1 R12 1

[ 1 - (1 - R19 RZ1) (1 - RZ0) } " {1 - (1 - RZZ)

(I - RZ3) 1 ' RZ4 z - RZ5 Ii - (i - RZ6 ) (I - RZ7) I

Z Z Z

RZ8 R29 R30 I 1 - (I- R31 ' R3Z • R33 • R34Z)2].

[i (I R35Z)} R36 R37 II (i R38) Z] Z........ R39

(The reliabilities represented by RI, R 2 ... R39 are the system

components shown in Figure 11 of the Third Quarterly Reliability

Status Report, SID 6Z-557-3

Service propulsion system component failure rates used to calculate

the system current state-of-the-art and required reliability are shown

in Table 32.

The effects of removing the automatic propellant utilization system

from the service module service propulsion system was re-evaluated. A

comparison of reliabilities using the two systems is shown in Table 33,

The reliability requirements of Z6 x 10 -6 must be met by whichever

system is. selected. A propellant quantity indicating system is a minimum

requirement to assist the crew in abort decisions.

- 222-
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, ..__

Table 32. Service Module - Service Propulsion System

Component Failure Rate Data

Component

Helium tank

Fill and drain and cap

Mean

State -of-the -Art

Probability

of Failure

x 10 -6

Z6.88

Solenoid valve

Regulator

Check valve

Relief valve

Burst disk

Filter

Oxidizer tank

Fuel tank

Ii

Z, 520

772.8

I, 317. iX

i00

i00.8

53.8

53.8

Propellent utilization

system

Vent valve

Heat exchanger

Rocket engine

1,318.4

6O

30,288

Apportioned

Probability

of Failure

x 10 -6

5

1

Ii

I000

I000

I000

i00

5

14

14

Z6

I000

18

I00

--_._i._l_
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Deletion of the flow control requirerr/ents altogether would require that

excess propellants be loaded to account for the variables introduced by engine

engine, oxidizer fuel ratio, engine and propellant feed system mismatch and

possible change in P during _he mission. The automatic propellant utiliza-

tion system is designed to maintain the residual propellants at I00 pounds.

The propellant quantity gaging system alone would need an' excess of 450

pounds of excess propellants. The reduced complexity of the System would

reduce the probability of failure to 5 per 106 missions. On this basis, the

ratio of system reliability to increase in residual propellants weight is
6 x 10 -8 per pound of residual propellants (Table 33). The control and valve

comprise approximately 1/3 of the total propellant utilization system weight.

The manual flow control system is more complicated than the gaging system,

with an apportionment of 20 per 106 missions (Table 33). A manual system,

designed to maintain the residuals at I00 pounds over the automatic system,

has a ratio of system reliability to increase in residual of 6 x 10 -8 per pound

of residual propellant, with a decrease in propellant utilization system

weight of 15 pounds. The difference in residual weight of the Apollo space-

craft effected by use of the manual propellant utilization system over quan-

tity indicating gaging only would be approximately Z35 pounds.

The service module SPS parallel feed system approach to CG control

after zero-g environment will be satisfactory, even though slight leakage

past the tank outlet check valves may occur. Major loss of propellant from

one tank to the other is critical; therefore, the parallel feed system must

have parallel check valves at the outlet of each tank for reliability. A

second approach using a floating-ball, antitransfer device was reviewed

for test requirements to demonstrate a probability of failure of 2 x 10 -6 .

The logic diagrams shown as Figures II and 13 in the previous

Quarterly Reliability Progress Report, NA 62-557-3, were based on a

preliminary failure effects analysis. The basic logic has not changed in

this quarter.

Summary of Failure Effects Analysis

The individual components of the service propulsion system were

analyzed and the failure modes determined. The effects of redundancy in

eliminating most critical failures is shown in the failure effects analysis,

Table 34 at the end of this section. Other components which could cause

catastrophic failure and where redundancy is not practical show up as

affecting the Apollo spacecraft. These components, however, require a

high reliability, and the current state-of-the-art and required reliability

_r_ ne&i-Iy _L__c samc.
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TEST PROGRAM

The development program and materials evaluation testing is

continuing. Significant results observed during these tests follow:

I. A series of firings accumulated a total of 900 seconds on an

ablative test chamber without failure. This duration is equal

to design time and is 150 seconds in excess of the required

specification time.

A five-baffle injector was test fired five times, demonstrating

the injector restart capability.

. Subscale engine testing at AEDC, Tullahoma, Tennessee, is

complete. The results of those tests, attitude performance and

material evaluation, are in process.

Items of major importance scheduled for the next quarter are:

I. Continued development, including more subscale engine testing

at AEDC.

Z. Initiation of lightweight injector and chamber testing at

Sacramento

Propellant seal and o-ring compatability tests and methods of brazing

and welding tube connections are being evaluated at S&ID's Engineering

Development Laboratories. The fixture to be used for propellant feed sys-

tem concept evaluation is virtually complete, and testing is scheduled to

start next quarter at S&ID.

Development testing of propellant and pressurization components will

commence during the next quarter.

Service Propulsion Rocket Engine

Aerojet revised the qualification-reliability test plan for the service

propulsion rocket engine. However, as a result of recent program

redirection, this plan will be incorporated in the Aerojet overall test plan.

The service propulsion system procurement specification (MC 901-0009) was

also revised as a result of the program redirection.

- 226 -
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The development program and materials evaluation testing is

continuing. The following items are significant results observed during
these tests.

] • total _# 900 seconds _'-" ........... '.........

test chamber.

2. A five-baffle injector was test fired five times, demonstrating

the injector restart capability.

. Subscale engine testing is in progress at Tullahoma, Tennessee,

to evaluate altitude performance capability.

Effects of Qualification Program Reorientation

As a result of the recent qualification program redirection, a total

of 15 of the Aerojet rocket engines and greater than half of the rocket engine

components that had been scheduled for test were deleted from the test

program. The maximum number of components within the propellant feed

system was reduced from IZ to 7. The actual number of components allowed

for test is based upon criticality of the item (the effect that its failure has on

crew safety). The requirements for sand and dust and salt spray tests were

deleted.

PROBLEM AREAS

The required improvement over the estimated state of the art for the

rocket engine subsystem is approximately 154 to I. This degree of improve-

ment in a critical assembly will require very careful monitoring of the

overall program. The current state of the art was based on engine systems
which are not man-rated.

PLANNED ACTIVITIES

An extensive effort to revise all procurement specifications is in

progress. Specifications which have been released are being revised to

incorporate criticality requirements and the latest reliability apportion-

ments. Evaluation of proposals and selection of vendors for service

propulsion system equipment will be continued, with reliability require-

ments coordinated with vendors. Items of major importance scheduled for

the next quarter are:

i. Continued service propulsion rocket engine development,

including more subscale engine testing, injector and ab1_tive

chamber te sting
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ZI

1

Initiation of injector and chamber testing at Sacramento,

California

Breadboard testing scheduled at Aerojet to evaluate the entire

thrust chamber assembly
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COMMAND MODULE HEAT SHIELD

The major reliability effort for the heat shield has been in developing

analytical techniques, in the preparation of qualification test procedures and

in defining and updating environmental criteria.

Until a detailed reliability analysis can be completed, it is assumed

that the heat shield will meet its reliability goal of 0. 99995. In order to

obtain a valid reliability figure, the concept of basing reliability assurance

on measurements of material behavior in tests of sample materials exposed

to simulated operational environments has been followed. These tests would

include thermal, vibrational, shock, and other loadings as stress factors,

acting alone and in combination.

System reliability is, of course, a function of operational performance.

Operational performance can be related to destructive tests conducted in the

laboratory within the state of the art of simulation capability. Therefore,

by evaluating the performance of the samples with respect to the backface

temperature and other criteria under the simulated environments included

in the qualification-test program and other development tests, a measure

of the heat- shield reliability will be obtained.

One facet of the overall reliability program is the derivation of a

method of quantitatively assessing the inherent reliability of the Apollo heat

shield and subsequent calculations of this value. The statistical approach in

determining the reliability is presented herein.

CONFIGURATION ANALYSIS

The methods, depth, and overall adequacy of analysis techniques used

by the subcontractor in Apollo heat shield developmental efforts will be

subject to review and approval by NA_A.

The statistical approach in determining the reliability will be one

which will consider the distribution of backface temperature measurements

and involve the computation, through the use of well-known statistical

techniques, of the probability that the temperature will not exceed the

specified acceptable backface temperature limit (while maintaining

structural integrity). Specifically, what will be done is as follows:

i. All data associated with a measure of backface temperature

during development tests, first, will be evaluated for inclusion
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in the population of data observations and, second, be plotted in

the distribution of these observations.

The qualification test results will also be evaluated at the

conclusion of the testing as described in (I).

1 The best-estimate will be calculated, using the following

procedure.

We wish to calculate probability (T < 600 F), with confidence level (_/).

Let t
O

(600- T) g-N-
0-

I%1
Let 0 - , where f =

q-Tr
- I.

If@ > 0.75, calculate

_l+t 2/Zf
O

and if 0 < 0.75, calculate

2 I/2

o 1+o__9___

k2 - _/2f 2f

Entering the Johnson and Welch tables for the noncentral "t" distribu-

tion, 1 look up

k = k (f, t I - _, kl or k )o' 2 ;

let

Z R

2t ->, Ji+t
O O

Johnson, N. L., and B. L.

t-di stribution, Biometrika,

Welch, Applications of the Non-Central

31 (1939). p. 36Z-389.
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Entering a table of the normal probability distribution find R such

that

fZ R

R = (t) dr,

Where _ (t) is the normal distribution.

o An appropriate confidence level commensurate with the sample

size of data observations upon which the reliability statement is

based will be determined.

Assuming conservative backface temperature results coupled with

required structural properties, the number of data observations obtained

from this phase of the program will be sufficient to permit a statement of

the reliability consistent with the apportioned value.

The foregoing technique will not only provide the basis for computing

the reliability, but also permit the comparative analysis of various thick-

nesses, materials, bonds, environments, etc., as they affect backface

temperature. This information will then be utilized in the design process

and lead to effective tradeoff decisions.

TEST PROGRAM

Matrix test designs have been formulated for the sequential tests

(ablative) and the nuclear radiation tests. The planned design of experiments

is undergoing review.

Analyses of heat of ablation versus air enthalpy experimental data have

been completed for four materials. These analyses consisted of estimating

and comparing the essentially linear relationships of the representative

groups of experimental materials. Defined prediction limits were derived

for those groups exhibiting essentially equivalent heat of ablation versus air

enthalpy properties.

In association with an experimental testing procedure, a statistical

procedure has been developed to derive simultaneous confidence levels of

specific heat and thermal conducting properties of Apollo ablative materials.

Approximately i00 physical property tests have been performed on the

ablator and bond material. These preliminary tests have defined ablator

tensile and compressive properties and bond shear and tensile

characteristics.
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Important factors influencing the batch-to-batch consistency of Avcoat

5026-39 have been determined. These are (I) surface activity of the phenolic

microbaloons (as influenced by the moisture content), (2) surface finish on

fibers, (3) melting point of the Harcure "A" (as influenced by acid content).

A program has been initiated to develop simple and reliable techniques

for direct application of the Apollo heat-shield material to the structure.

Avcoat 5026-39 specimens were tested under vacuum at room

temperature and vacuum at +350 F (utilizing infrared heating of one side

of specimen). In each test, the initial level of vacuum was 10 -6 torr.

Outgassing characteristics were measured as follows:

Temp

(°F)

Room

350

Time

(hr)

4

Average Pressure

(torr)

-6
10

-4
I0

Weight Loss

(gm/cm 2)

0.0014

O.OOZl

Entry-heating and cold- soak tests of fiberglas s-filled honeycomb

ablator attached to a steel sandwich structure have been accomplished.

backface temperature and char formation resulting were very mild.

The

Cold-soak and resonant vibration tests of an Avcoat 5026-39 ablator

bonded to a stainless steel honeycomb panel were conducted. Visual

inspections after test did not reveal any failures.

Cold-soak tests of "cast on" tile specimen cured in place on steel

have been completed and no failures occurred.

Heat flux simulation tests were accomplished on an Avcoat 5026-39

ablator, bonded to a PH-15-7 Mo steel sandwich. At the conclusion of the

test, it was noted that the char appearance and hardness were good. No

failure of the substructure bond was found.

EFFECTS OF QUALIFICATION PROGRAM REDIRECTION

As a result of the redirected effort in the qualification test area, a

more realistic qualification test program was defined, and detailed test

procedures were prepared. In addition, the following qualification test

requirements were deleted: fungus, sand and dust, acoustics, and

acceleration. Test program responsibility was delegated to NAA.

- 238-
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PLANNED ACTIVITIES

Continuous effort at S&ID is being directed toward development of

analysis techniques in the area of structural reliability. It is expected that

any progress in this area will materially aid developmental efforts on the

Apollo heat shield.

Efforts are being directed to developing a matrix type test for the

solar radiation tests, as well as to investigating the existing nondestructive

testing techniques, as applicable to the evaluation of the heat shield material

and its assembly to the substructure.
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LAUNCH ESCAPE SUBSYSTEM

During the period covered by this report, major effort was directed

toward the development phase of the program. Data from 'development tests

are being reduced and will be used where applicable to assess current

reliability levels, At present, the estimated system reliability is 0. 9916,

which is below the required value of 0. 999989 as indicated in Table 35.

Table 35. Launch Escape Subsystem

Estimated and Required Reliability

Component

Initiator s

Launch escape motor

Pitch control module

Tower jettison motor

Tower structure

Tower separation mechanics

Estimated

Reliability*

0. 999

0. 993

0. 9992

0. 9998

0. 99999

0. 99999

Required

Reliability*

0. 999

0. 998

0. 9998

0. 99995

0. 99999

0. 99999

System 0. 9916 0. 999989

*NOTE: These values are based on logic math models and detailed

component failure rates presented herein.

It is evident from the foregoing table that many reliability goals have

been attained, and it is anticipated that all subsystems will be shown to sur-

pass the required values as additional test data are reducedl The following

paragraphs outline accomplishments and goals for each major subsystem of

the launch escape system.
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CONFIGURATION ANALYSIS

SI:_CE }lll¢I I NF()HNI/VI'ION SYSTE,NIS I)IVI_ION

Subsystem De scription

The launch escape system is intended for use during the lift-off and

boost phases to effect separation of the command module from the spacecraft

should an abort condition occur. The system consists of five major sub-

systems:

I, Launch escape motor, which provides thrust necessary to effect

separation of command module from the spacecraft.

Pitch control motor, which provides side thrust to establish com-

mand module trajectory.

. Tower jettison motor, which provides thrust to separate tower

from command module.

4, Tower structure, which serves as the base for system motors.

° Tower separation mechanism, which is the mechanism interface

between tower and command module.

Logic diagrams and mathematical models (Figures 26 and 27) have

been prepared for the normal and abort modes of operation. Subsystem

logic, which forms the basis for the logic block diagram formulation and

mathematical model derivation, is based on the results of the failure

affects analyses in Table 39 at the end of this section.

Launch Escape Motor

The launch escape motor provides the thrust to effect separation of

the command module from the spacecraft should an abort condition exist.

Table 36 indicates the estimated state of the art and required reli-

ability levels for launch escape motor.

The launch escape motor development phase is up to date. The major

achievements during this report period were delivery of motor 1 (inert) to

S&ID and the successful test firing of motors 2, 3, and 4.

Detailed reliability evaluations of the engineering drawings and speci-

fications for the launch escape motor were continued. To determine the

margin of safety, and thus determine reliability, a study to find the meas-

urements required to perform this task was undertaken. The insulation

thickness for the launch escape motor will be measured prior to loading the
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0.999000

EBW

0.999000

EBW

0.999900

EBW

0.999900

PYROGEN

IGNITER

0.999900

PYROGEN

IGNITER

0.999997

HP_PELLANTLI
u.999500 i I

LINER H CASE H0.999990 0.999900

0.999999

I

I .ozz,,H NozzLEH0. 999900 0.999900

NOZZLE I0.999900

I

NOZZLE _

01999900

LINER CASE NOZZLE

0.999999 0. 999999 0.999978

EXPLOSIVEBoLTH EXPLOSIVEHBOLT EXPLOSIVEBoLTO. 999900 O. 999900 O. 999900

I EXPLOSIVE }
BO LT

0. 999900

NOZZLE

0.999978

TOWER

STRUCTURE

0.999990

NORMAL MISSION MATH MODEL

PSUCCESS = [P1 P2 + P1 (1 - P2)+ P2 (1 - PI)] P3 P4 P5

WHERE

P1 = PROBABILITY OF SUCCESS OF TOWER JETTISON MOTOR

=[P_Bw +2PEBw(I- EBW ] [PPYROGENIGNITER] [PPROPELLANT]

[PLINER] [PCASE] [PNOZZLE] 2

P2 = PROBABILITY OF SUCCESS OF LAUNCH ESCAPE MOTOR

= [P2Bw +2PEBw(I-PEBw) 3 [PPYROGENIGNITER] [PPRoPELLANT ]

[PuNER] [PcAsE] [PNozZLE] 4

P_:PTOWE__,RUCTORE
PEBWCO_TE_ I'p4 = 2 p2 +2 [PEBw PCUTTER -PEBw PCUTTER )]

P5 = [P4OLT+4P_OLT (1- PBOLT)]

Figure Z6. Normal Mission Tower Jettison Reliability Logic Diagram
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EBW

0.999000 I

PYROGEN

IGNITER

0.999900

EBW

0.999000

EBW

0.999900

PYROGEN

IGNITER

0.999997

EBW

0.999900

0, 999500 0.999990 0.999900 0.999900

PITCH
CONTP:.OL NOZZLE NOZZLE NOZZLE

MOTOR "' 0.999900 0.999900 0.999900
0.999189

*.MALFUNCTION DOES NOT INCLUDE CREW SAFETY

PROPELLANT

0.999999

LINER

0.999999
CASE NOZZLE NOZZLE STRUCTURE

0.999999 0.999978 0.999978 0.999990

[q'xec°svEHo'°,9,,LTEX'LOSV'Ho,o,,,gLTEX,LOSVE __0,Og,.LT
IEXPLOSVEtOLT

F ..._J-- _ _1___ .... "_'T _" _'N T_ L-'MO_'R--

,1 o.99,,:;ooon p:V._E_I 17ROPELLA....._T..llLINER H

I " IH 0 999990 m 0.999500 m 0 999900.-_ i EBw I I I '_'_'" I I I I " I I 0.999900 0.999900

LAUNCH ABORTAND TOWERJETTISONMATH MODEL
PSUCCESS = P1 P2 P3 P4

WHERE

PI = PROBABILITY OF SUCCESS OF LAUNCH ESCAPE MOTOR

P2 = PROBABILITY OF SUCCESS OF TOWER JETTISON MOTOR

P3 = PROBABILITY OF SUCCESS OF PITCH CONTROL MOTOR

= [ P2BW +2 PEBW (l-PEBW)] [PPYROGENIGNITER][PPROPELLANT]

[PLINER ] [PCASE ] [PNOZZLE]

Figure ZT. Launch Abort and Tower Jettison Reliability Logic Diagram
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motor, and the resulting data will be compared with post fire measurements

to determine the safety margin. Elastromeric materials will be measured

prior to installation to determine prefire thickness. Chamber liner thick-

ness will be measured circumferentially and axially at several stations

before and _ _- +_ _P_rt_n uniformity and thickness._ ........ _ ............. These data

will be correlated with liner weight in an attempt to eliminate some meas-

urements in favor of spot checks on later motors. Aft closure prefire and

postfire thickness will be measured to check the safety margin.

To monitor chamber temperature, thermocouples will be placed at 12

locations at propellant web stations along the motor chamber. Other

thermocouples will be located on the chamber, chamber dome, aft closure,

and nozzle to measure any temperature use.

Table 36. Launch Escape Motor State-of-the-Art

and Required Reliability

Component

Exploding bridge wire (Z);:-"

Pyrogen igniter

Propellant

Liner

Case

Nozzle (4)

Reliability - Allowed

Failures/I06 Motors

Required

I000

500

500

i00

I00

800

Predicted

State of the Art

i000

2000

1500

95O

95O

1600

Total motor 2000 7000

*Not included in total motor

Pitch Control Motor

The pitch control motor provides side thrust to establish command

module trajectory. Table 37 indicates the apportioned and state of the art

reliability values for the pitch control motor.
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Table 37. Pitch Control Motor State-of-the-Art

and Required Reliability

_NIS DIVISION

Component

Exploding bridge wire (Z)':'

Pyrogen igniter

Propellant

Liner

Case

Nozzle

Reliability - Allowed

Failure/10 6 Motors

Required

1000

10

500

100

100

100

Predicted

State of the Art

i000

25

I0

i0

I0

145

Total Motor 810 Z00

":-'Not included in total motor

The pitch control motor development program is proceeding on schedule.

Major accomplishments were (I) delivery to S&ID of dummy motor No. 1 to

be used in the mock-up of the launch escape system, (Z) fabrication was

begun and completed on the first development motors, (31 first development

motors were successfully cast and processed on schedule, and (41 succesful

static test firings of four development motors were completed.

Reliability studies and evaluations are in process to determine margin

of safety and motor integrity. These studies are essentially the same as

those described for the launch escape motor.

Review of decisions and corrective actions from the Material Review

Board indicates that safety margins are being maintained and that correc-

tive action is adequate to prevent reliability downgrading during production.

Tower Jettison Motor

The tower jettison motor provides the thrust to separate the tower
structure from the command module. Required and state of the art reliabil-

ity levels for motor components are indicated in Table 38.

ILvJkw • ....
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Table 38. Tower Jettison Motor State-of-the-Art

and Required Reliability

Component

Exploding bridge wire (2)*

Pyrogen igniters

Case

Insulation

Propellant

Fixed Nozzles (2)

Reliability - Allowed
Failures/10 6 Motors

Required

i000

3

1

1

1

43

Predicted

State of the Art

i000

25

I0

I0

I0

145

Total Motor 50 200

*Not included in total motor

Projected reliability plans provide for analysis of data accumulated

from test firings of motors. The results of these analyses will furnish

information as to (I) reliability goals attained, (2) establishment of new

reliability criteria if required, and (3) general reliability effort during the

next report period.

Reliability effort is directed toward classifying the environmental modes

into critical, major, and minor effects so that the most severe environ-

mental effects can be studied first. The self-induced environments associ-

ated with solid rocket firing will be included in the classification.

The tower jettison motor development program is progressing satisfac-

torily. A schedule slippage occured because of difficulties encountered in

motor casting, but the problem has been resolved.

The most significant of the many accomplishments during this report

period were as follows:

I. Pryogen development testing was initiated with four successful

static tests using conventional squibs.

m1_ _ ° °

•_= first inert TE-380 motor: BP-9, was delivered to S&ID on

9 October 1962.

247 -

SID 62-557-4



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

, The electrical interface fixture s and supports specified by S&ID have

beenincorporatedintotheinterstage structure design.

. The first attempt to case development motors on ZZ October 1962.

was unsuccessful because of processing and casting problems.

5. Test bay facilities have been completed for motor static tests.

1 Twenty-four development motor cases have been received at

Thiokol Corporation.

TEST PROGRAM

Launch Escape Motor and Pitch Control Motor

Lockheed Propulsion Company conducted two successful development

motor firings, during which lockheed and S&ID performed acoustical field

measurements and recorded temperatures and vibration and shock levels.

Data from these tests are currently being analyzed. Preliminary exami-

nation reveals that the near-field acoustic levels were approximately 167 db

maximum with peaks at 2000 cps. The ignition shock level appears to be of

significant magnitude, but the exact level is not presently available.

The following test activities are planned during the next reporting

period: (I) continued launch escape motor development tes£ing, (Z) com-

mencement of pitch control motor development tests, (3) completion of the

igniter development program, and (4) resubmittal of the test plan.

Tower Jettison Motor

Thiokol Corporation successfully fired its first tower jettison motor as

part of the development test program during this quarter. All test objec-

tives were satisfactorily accomplished.

The next quarter will be devoted to a continuation of the planned develop-

ment test program highlighted by simulated altitude firing at Arnold

Engineering Development Center, Tullahoma, Tennessee.

Effects of Qualification Program Reorientation

No changes have resulted from the recent qualification program

redirection.

Q
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MECHANICAL SUBSYSTEM

During the past quarter, comparative evaluations were made on

various mechanical systems.

Four release and thrust mechanisms applicable to the forward heat

shield were compared. Reliability recommended a toggle holding mecha-

nism released by a gas-generating cable cutter. The generated gas would

then be used to power the thrusters. The recommended system meets the

requirement of 0. 999995.

Nine methods applicable to the forward heat shield, launch escape

tower, and command module-t0-service module separation systems were

evaluated. Since all the methods evaluated could meet the system require-

ment of 0. 999995, a qualitative comparison was made. A toggle latch and

sear-type toggle were both rated 1 to Z with a dual-initiated explosive bolt

rated number 3.

Four proposed explosive bolt configurations were subsequently eval-

uated. All met the system requirement and were qualitatively compared.

The recommended configuration contained a single main charge with dual

initiation consisting of two primary charges, two bridgewires, and two

electrical connectors.

CONFIGURATION ANALYSIS

Forward Heat Shield Separation System

A reliability evaluation of four release mechanisms applicable to the

forward heat shield separation system was made. One of the release

mechanisms studied was a sliding collet-type latch release. Initiation of an

explosive charge by means of a low-energy detonating cord fails the shear

pins. This allows the energy of the explosive charge to drive the collet

retaining member to the unlocked position, which permits release of the

latch. This release mechanism has a reliability of 0. 99984 based mainly

upon the loose parts that make up the release. The system appears to be

very susceptible to jamming. Installation and accessibility are also prob-

lems, and this system cannot be checked out. There are several explosive

interfaces, and for separation of the heat shield to occur, all four collet-

type latch .......... '_ _ .... +_ _u_+_
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The three remaining release mechanisms are all very similar and are

designated as (i) toggle release mechanism gas generator, (Z) toggle release

mechanism electrical firing, and (3) toggle release mechanism detonator

manifold.

The toggle release mechanism gas generator system consists of two

gas-generating cable cutters, each of which cuts both cables and actuates

two of the four thrusters. The system is redundant, since two out of four

thrusters will separate the heat shield. Each cable cutter releases the ten-

sion in both cables and actuates all four toggle release mechanism. Thus,

there are four toggle releases and four thrusters. The toggle release

mechanism has been used very successfully by NAA as a bomb and drop-

tank release mechanisms on military aircraft. The toggle release system

is simple to install anytime before the launch escape tower is placed on the

command module. This system has a reliability of 0.999995. A problem

that could result with this system might occur if one or both cutters did not

completely cut the cables locking the system. This is not likely to happen,

but can be overcome by using a large enough charge for each cable cutter.

The tubing from the gas generator would be difficult to damage because of

its dimensions and could even be formed into the honeycomb so damage

would be almost impossible. The fairing that enclosed the cable is the most

reliable means for ensuring safe operation. The fairing could be omitted

and pulleys could be used, but this would require tie-downs and more pieces

of equipment with no further increase in reliability.

The toggle release mechanism systems that were evaluated are very

similar. One configuration uses an electrical firing system to ignite an

explosive charge in each thruster; another uses a detonator manifold with

an associated low-energy detonating cord to ignite an explosive charge in

each thruster, and the remaining one uses a gas generator with associated

tubing that generates the power for the thrusters. The toggle release

mechanism with electrical firing and detonator manifold have a reliability

of 0.999944 and 0.999935 respectively. The reliability numbers, block

diagrams, features, and problem areas of each of the four systems are

shown in Figures Z8 through 31.

It has been determined that the toggle release mechanism system with

gas generator is more reliable than the sliding collet-type latch release

system or the toggle release mechanism with electrical firing or detonator

manifold. This conclusion is based upon reliability, design principles, and

chances for human error.
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Separation Methods

A reliability evaluation was made of nine separation methods appli-

cable to removal of the forward heat shield, launch escape tower separation

and command module-service module separation. Numerically, each of the

nine methods meet the reliability requirement, so a comparative qualitative

evaluation was made. At the time the evaluation was made, weights were

not available and, therefore, were not considered as a factor in the order

of preference.

The factors considered in the evaluation include the possible means of

signal distribution, the number of electrical pyrotechnic interfaces, the

checkout capability, simplicity of design and operation, and system require-

ments for fragmentation protection. Table 40 lists the systems evaluated,

the factors considered in the evaluation, and an order of preference.

Table 41 lists the advantages and disadvantages of the three methods of

signal distribution that could be used, electrical, mechanical, and

pyrotechnic.

Explosive Bolt Configurations

A reliability evaluation of four proposed explosive-bolt configurations

was made. Numerically, each of the four configurations meets the relia-

bility requirements, so a comparative qualitative evaluation was made.

Figure 3? lists the configurations evaluated, the factors considered in the

evaluation, and an order of preference.

PLANNED ACTIVITIES

Since the evaluations were made from preliminary drawings, planned

activities consist of further analyses of future design drawings and studies

of possible modes of any mechanical system.
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EARTH LANDING SUBSYSTEM

Accomplishments on the earth landing subsystem during the past

quarter include further investigation into the use of the one drogue config-

uration and performance of a failure effect analysis of the subsystem. From

the failure effect analysis, the _eliability of the parachute recovery portion

of the earth landing system is estimated to be 0.99997. This compares

favorably with the requirement of 0. 99996. The mathematical equations and

the results of the failure effects which formed the basis for this analysis

are presented herein. The failure effects analysis is shown in Table 44 at
the end of this section.

CONFIGURATION ANALYSIS

Subsystem Description

The primary purpose of the earth landing subsystem is to provide safe

landing of the Apollo command module under reentry or abort conditions.

At the present time, the subsystem consists of 1 drogue, 3 pilots, 3 main

chutes, a sequencer, and location aids.

The apportioned reliability of 0. 99994 will be met, using present state-

of-the-art reliability. The ground rule under which this system is evaluated

is successful operation of the single drogue and two out of three main chutes,

or, if the single drogue fails, successful operation of all main chutes.

The validity of this ground rule depends on the capability of the main

chutes to withstand the loads imposed on them if the drogue fails to work.

The main chutes are designed to 64 q and tested to 96 q. Terminal q of the

command module, aft heat shield forward, is 87 q. Work is being done at

the present time to establish the reliability of the main chutes at these

higher q numbers. Recent development tests have had some successful

operation up to 106 q.

Under this ground rule, the problem of the apex forward trim position

still exists. The command module being stable apex forward from a high

altitude abort is experiencing a 140 q. In the case where the drogue fails,

the main chutes would never survive this high q number. A possible

solution would be to redesign the main chutes to a higher q number or to

eliminate the apex forward trim condition. Presented herein are reliability

e_luations for parachute depl_yment and a failure effect analysis.
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Parachute Portion of Earth Landing Subsystem Equations

These equations for parachute deployment will cover, not only mission

success, but crew safety, since they are the same for a normal earth land-

ing. These equations are based on the ground rules previously stated and

exclude manual override capability and abort conditions.

R
parachute deployment Rdrogue R R Z= sequencer out of 3 mains

3

+ (i - Rdro.gue) R R 3sequencer out of 3.mains

Rmortar Rdrogue

[ R Z Rrelay ) Z]Rsequence r = 1 - (I - Rtime delay baro switch

Rmain = 1 - 1 - R squib Rmortar Rchute

RZ out of 3 mains
3 Z

R +3R (1 - R )
main main main

R
parachute deployment = 0.99997

Table 42. Earth Landing Component Failure Rates and Reliability Values

Item Failure Rate (million) Reliability

6Relay

Tim e delay

Baroswitch

Mortar

Parachute

Hot wire squib

3O

i00

i00

Z000

i000

0.999994

.999970

0.999900

0.9999

0.998000

0.999
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TEST PROGRAM

Three parachute development drops were conducted during October,

five during November, azld (at _:--_ of ...._;_ n_e during December. These
L,.L.LJ. 4 _; vv _ _:_I ....

drops were to verify structural integrity and high-speed capability, provide

loads data, and evaluate cluster performance.

Laboratory tests, including functional and environmental testing of

parachute fabric, were continued. Functional tests were conducted on pilot

and drogue chute mortars, and firing tests were conducted for verification

of velocity and deployment capabilities. Design of the sequencing system is

in progress.

The procurement specification was revised to reflect the redirected

qualification test program, (Specification MC 901-0001B).

Effect of Redirection of Qualification Test Programs

The numbers of test specimens have been reduced for qualification of

the drogue and main chute disconnects, the drogue and pilot chute mortars,

the sequence controller, and parachute fabric samples. The reliability

demonstration requirements and statistical analysis of test results have been

deleted. Test program responsibility has been assumed by S&ID. The

qualification test sequence and detail test procedure have been revised to

achieve a more realistic test program. The reduction in the numbers of

specimens is as follows:

Table 43. Earth Landing System Test Specimen Reduction

Component

Disconnect, drogue chute

Disconnect, main chute

Mortar, drogue chute

Mortar, pilot chute

Sequence controller

Parachute fabric samples

Number of Specimens

Original

200

200

6

6

8

Undefined

Revised

5O

5O

4

4

4

40
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PLANNED ACTIVITIES

Future activities planned for analysis of this subsystem include inves-

tigation into the possibility that, if the drogue and one main fail, the remain-

ing two main _-u ........_ w'11_ be _'-_-_+ +_ 1_ ,h_ comm_nd module safely and

a more detailed failure effect analysis as the design is firmed up. The sub-

contractor has been requested to conduct a study of the reliability of the

main chute cluster at 96 q. They have also been requested to determine the

optimum number of reefing line cutters to minimize the difference in dis-

reefing time.
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ELEC TRONIC S SUB SYSTEMS

This section contains a description of all electronics

subsystems within the spacecraft and the various compo-

nents within the subsystems. The reliability estimates

for these individual components and subsystems are of

secondary importance; the total spacecraft reliability,

described in a later section that includes the backup of

components within one subsystem by components in

another, gives arnore important evaluation of the

subsystems.
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COMMUNICATIONS AND DATA SUBSYSTEM

During this period, analyses were performed to determine the status

of the reliability of the communications and data subsystem when integrated

with the other Apollo electronic subsystems, including a determination of

spares necessary for meeting the requirements. A new reliability appor-

tionment was established based on the lunar orbital rendezvous mission and

the studies previously mentioned. The analyses indicate that the configura-

tion is adequate to meet the reliability requirements with the use of addi-

tional spares. During the next period, these analyses will be refined to

determine a more efficient sparing plan, based on replacing parts at a

lower level than has presently been considered.

CONFIGURATION ANALYSIS

Subsystem Description

The communications and data subsystem contains that equipment which

is used for communication between the spacecraft and the ground during all

phases of the mission. This includes the transmission of technical data,

which will be used for mission analysis, as well as voice communication.

The VHF/AM transmitter-receiver equipment provides voice communication

between the spacecraft and earth during the near-earth phases (up to 4000

miles). Beyond this range, the Deep Space Information Facility (DSIF)

equipment is used for voice communication. Associated with this equipment

are three audio centers, one for each crew member, which provide the link

between the crew member and the transmission-reception equipment. The

VHF/Zkmc omni-directional equipment is utilized with the DSIF and VHF

equipment in all phases except earth landing. Associated with the antenna

are the multiplexing and switching units. The Zkmc omni-direction portion

of this antenna provides backup for the Zkmc high-gain antenna. For the

processing of sensory data, the premodulation processor equipment, signal

conditioning equipment, and pulse code modulation telemetry equipment are

provided. The premodulation processor equipment also performs the switch-

ing, gating, and mixing associated with the various modes of information

transmission. The VHF/FM transmitter is used for transmission of telem-

etry information during the near-earth phases. The C-band transponder

equipment is used in conjunction with the radar tracking facilities during

the earth phases. During the recovery phases, the VHF recovery beacon

provides beyond ..... sight_1_-of- direction finding capability as well as voice

communication. The data storage equipment is used to store telemetry daLa

during critical time periods and when real time-data transmission is not possible.
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Figure 33 depicts the configuration of the communications and data

subsystem for mission success. The communications and data subsystem

contributes to the probability of mission success by providing a secondary

method for the crew members to determine the position of the spacecraft

relative to its programmed position and the manual corrections necessary

to achieve the prog-rammed position. It also aids in the recovery of the

spacecraft after earth landing.

Table 45 shows a compilation of the components of the communications

and data subsystem, and estimated reliabilities with and without proposed

redundancies, and apportioned reliabilities. The component failure rates

were calculated, utilizing Minuteman (or equivalent) parts failure rates

based upon nominal operation to 50 percent electrical stress under ground

environments. The rationale for the use of ground environments failure

rates is that the environmental control system aboard the Apollo will pre-

sumably maintain an environment comparable to ground environments. Risk

factors accounted for are essentially those under the design control of sys-

tem, equipment, circuit, and component part engineering. In this process

it is assumed that sound manufacturing and quality control practices are

involked by engineering through appropriate control measures.

The redundancy and spa'res considered for the direct mission and the

first lunar orbital rendezvous mission are those presently contemplated for

the communication and data subsystem.

The spares list for the second lunar orbital rendezvous mission analy-

sis was modified by the addition of a spare signal conditioner and the dele-

tion of the spare VHF/AM transceiver, which resulted in a net decrease of

3.6 pounds in the spares list for the communication and data subsystem.

The resultant decrease of subsystem failures from 65. 1 to 50.4 failures per

i0,000 missions reflects a more optimum spares configuration for the

subsystem.

The third lunar orbital rendezvous mission analysis was performed

with a fourth reduction in spades weight by deletion of the spare VHF/AM

transceiver and no additional sparing for other components. This resulted

in a subsystem failure rate of 48. 5 failures per I0,000 missions, which is

a net decrease of 16.6 subsystem failures per I0,000 missions together with

a net spares weight decrease of 13. 6 pounds compared With the first lunar

orbital rendezvous mission analysis; this reflects the increase in the relia-

bility which is obtained through the use of Minuteman parts throughout the

entire Apollo electronics.
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TEST PROGRAM

Qualification Test Plan

The Collins Radio Company document AR-II3-3 is to be rewritten and

resubmitted, incorporating the latest qualification test philosophy. The

hardware utilization list has been revised to reflect the requirements for the

reoriented qualification program.

General Test Program Status

General ground rules for the environmental testing and qualification of

Apollo equipment were established in the reoriented qualification test pro-

gram. The program presented to NASA outlined minimum acceptable

requirements. The salient features are presented in the following paragraphs.

The quantities of test specimens available for the test program have

been reduced approximately 50 percent.

A maximum test effort will be expended to utilize available test time

and to extract the maximum usable data from the test units available. This

requires reuse of test units, refurnishment of test units as required, and

extreme care in evaluating test data.

Considerable time and effort in coordination and study of the environ-

mental levels have resulted in a general reduction of the test levels.

Supplier necessity for additional facilities have been reduced as a result

of this easing of requirements.

The following mission test profile (Mission Life Test) was developed.

i. Each test unit will be subjected to 400 hours of ground checkout

time in an ambient environment.

Each test unit will be subjected to a simulated launch phase

consisting of vibration and temperature.

. Each test unit will be subjected to an environment of i00

percent oxygen at 5 psi for a minimum of i00 hours and a

maximum of 336 hours, simulating translunar and trans-

earth phases.

. Equipment which must operate during and/or after reentry will

be subjected to a reentry high-temperature profile.

- 276 -

SID 6Z-557-4



NORTH AMERICAN AVIATION, INC. SPACE and INFORI_{ATION SYSTEMS DIVISION

5. Equipment which must operate for the recovery phase will be

subjected to a shock environment simulating earth landing.

. Succeeding simulated missions will consist of repeats of

steps (i), (Z), and (4). Step (3! will be conductcd in room

ambient environment.

. The communications and data subsystem becomes qualified

after completion by all test units of two mission simulations.

After a total of four mission simulations, the equipment is

operated to end-of-life in a room ambient, test-bench

environment to acquire additional data on repeatability.

. A shock test to provide assurance that the equipment mounting

is adequate to eliminate any physical hazard to the astronaut

upon earth landing will complete the testing.

SUBCONTRACTOR MANAGEMENT

On November 27 and 28, 196Z, a meeting was held with Collins Radio

Company in Cedar Rapids, Iowa, to discuss the effect of the use of high-

reliability parts in the communications and data subsystem on the cost and

weight of the equipment. This meeting was attended by representatives from

the NAA/S&ID and NASA Reliability Office. The following is a summary of

the items discussed and the conclusions reached as a result of this meeting.

I. Collins presently plans to use high-reliability parts for all

communications and data equipment. Approximately 80

percent of these parts will be either Minuteman or other

high-reliability parts that have already been developed.

Parts developed to Minuteman standards, including those

that are a complete new development for performance, will

make up approximately Z0 percent of the parts.

Use of high-reliability parts will raise the estimated relia-

bility from approximately 26 percent to the value required to

meet the requirement of 99. Z5 percent.

. The total cost for the use of high-reliability parts, including

serialization and traceability, will be approximately a 3-i/2

percent increase based on the total program cost.

, The use of high-reliability parts will result in a negligible

increase in the weight of the equipment over that used in

Gemini. This increase is small, since approximately 50

percent of Minuteman parts are used in the Gemini equipment.
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The major reason that the Apollo equipment weighs more than

the Gemini equipment is the higher power output of the Apollo

equipment and the types of construction used. As an example,

the Gemini VHF/AM transmitter-receiver power output is

three watts, while Apollo is five watts. Further, the Apollo

equipment is constructed to carry structural loads and to

provide a higher thermal conductivity than the Gemini

equipment for lower operating temperatures of the parts.

. Collins Radio Company stated that lowering the vibration

requirements from 15 g's to i0 g's would have no effect on

the construction of the equipment and would have no effect

on the cost of environmental testing equipment.

From these discussions it was concluded that the use of high-reliability

parts involves only a small increase in the cost and weight of the equipment

but has a great effect on its reliability. Therefore, it is felt that Collins

Radio Company should continue with its present plans to use these parts.

A similar meeting is planned with Minneapolis-Honeywell early in

January 1963.

Detailed Analysis

The details of the studies presented by Collins are included below.

It Parts usage--Collins has established the following plan for

parts usage and development. The parts are to be procured

to the following criteria in order of their ranking.

a. Minuteman parts of the "B" level with serialization will

be used where available.

b. Parts are bought from Minuteman vendors using Minute-

man production and testing procedures.

c. Other industry high-reliability parts will be used.

d. Parts that are being developed especially for the Apollo

project, such as the r-f and i-f coils, will be developed

to high-reliability standards. Detail specifications will

be written to define these requirements.
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2,

The "B" level Minuteman parts are a level lower than the "M"

level used in Minuteman production. They are manufactured and

inspected to the same standards, but are not subjected to energized

storage nor normally to serialization, whereas "M" level are.

"B" level parts are packaged for a common carrier. (The

energized storage consitutes storage by the equipment manu-

facturer for a period of three months with reduced voltage

applied and periodic measurements. Serialization refers to

serialization at the part level to allow for feedback of test data

for determination of the probable cause of failures, the effect

of manufacturing and process changes, and for subsequent

configuration control and traceability. Packaging for a common

carrier refers to standard packaging and handling techniques)

As an example of the expected distribution of parts, the

VHF/AM transceiver will utilize the following percentages

of parts. This distribution is considered typical for the

total subsystem.

Parts

Minuteman parts

Parts developed to Minuteman standards

Other high- reliability parts

Newly developed parts

Percent

54

14

25

7

High-reliability parts--The following list contains the estimates

made by Collins of the level of reliability which can be achieved

using standard parts and using the program described in the

preceding paragraph. In these calculations, the estimates were

based on the actual operating times estimated by Collins.
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Component

HF transceiver

DSIF transponder

DSIF PA

C -Band

Intercom

VHF/AM

VHF / FM

PCM

Standard Parts

0. 99865

0.917

0. 996

0. 99728

0. 925

0. 983

0. 9992

0. 316

0. 261

High- Reliability Part s

0.999956

0.99135

0.99974

0.99984

0.9971

0.9989

0.99994

0.955

0.942

Collins proposed meeting the reliability requirement of 0. 9925

by including redundant DSIF, VHF/AM transceiver, and PCM

units. The redundancy is not consistent with S&ID

provisions, which include only a redundant DSIF unit.

o Cost of Minuteman parts--To provide an estimate of the cost

differential that would be expected due to the use of Minute-

man parts rather than Military standard parts, Collins Radio

Company analyzed the VHF/AM transmitter-receiver. This

unit was chosen since the units in Gemini and Apollo are very

similar. The cost estimates were based on utilizing a screen-

ing technique during incoming inspection for the MIL standard

parts as well as the Minuteman parts. This procedure is the

one that was utilized for the Gemini equipment. It was estimated

that the use of Gemini or Mercury parts with screening would

reduce the $6,000 cost of the Apollo parts by approximately

25 percent.

It was further estimated that eliminating serialization and

traceability would reduce the cost of this unit by about 8

percent making a total reduction of 33 percent. This would

result in approximately a 14-percent savings in the

total cost of the unit, including manufacturing. Assuming

that a comparable reduction could be effected on all parts,
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the total reduction would be about 14 percent or a reduction

of about 3-I/2 percent based on total program costs.

.

.

.

.

Comparison of Gemini and Apollo equipment--The VHF/AM

transmitter for the Gemini and Apollo systems were compared

to determine the reasons for the higher weight of the Apollo

equipment. In most cases, the weight of the detail parts is

nearly the same, since the Gemini equipment employs about

50-percent Minuteman parts and uses about the same voltage

derating. In a few cases, parts have been added to the Apollo

system to allow for additional derating, generally in the power

stages. A major cause for the difference in the weight is the

higher power output requirement for Apollo--five watts versus

three watts. An additional increment of weight is due to the

differences in construction technique. The Apollo modules

are required to carry certain structural loads, while the

Gemini equipment is not. Further, the Apollo structure is

made heavier to provide better thermal conductivity and, thus,

to allow the Apollo equipment to run cooler. In both cases the

detail parts are mounted on metal boards.

Effect of reduced vibration environments--Collins was asked if

the reduction in the amplitude of the vibration environment from

15 g's to i0 g's would affect the cost of the design of the equip-

ment. It was stated that no change would be made in the design

prior to testing. However, it would be expected that, with a

lower level of vibration, there would be less chance of required

redesign, which would tend to reduce the overall cost. It

appears that the same type of vibration equipment would be

required for either of these vibration levels.

Installation of parts--Collins could see no reason why the cost

of installing high-reliability parts would vary from the cost of

installing standard Military parts. They are presently design-

ing their equipment so that the parts can either be welded or

soldered. A decision will be made at a later date as to which

procedure will be used after receiving an approval from Sg_ID

and NASA. Collins stated that high-reliability parts could be

welded just as easily as Military standard parts.

Traceability and Serialization--Collins plans to utilize serial-

ization for all parts in communications and data equipment,
._ _1 .... -1 -'11
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utilized on all parts, thus providing traceability for all parts.

The price quotes are based on this plan. It was estimated that

the total cost for traceability and serialization would be approxi-

mately Z0 percent of the direct labor assembly cost.

. Welding Specification--Collins is presently developing welding

techniques which will provide the basis for a specification to be

published by 1 January 1963.

. Conclusions and Recommendations--While the cost of high-

reliability parts has an insignificant effect on the total program

cost, the use of these parts is expected to have a significant

effect on the component reliability. The incremental weight

increase due to the use of Minuteman parts and additional stages

of amplification is negligible. The major weight increase in the

Apollo equipment is due to the additional power output and the

weight of the packaging which must carry structural loads.

It is recommended that the present program being pursued by

Collins be maintained because of the extremely high increase in

reliability and the relatively low increase in cost.

A "Data Storage Equipment Meeting" was attended at Collins Radio

Company ISC, Newport Beach, California, by members of S&ID,

Collins Radio Company, and Fairchild Camera and Instrument Company.

Fairchild, Collins' choice of the data storage equipment bidders, presented

a breadboard model of their tape deck. Under static conditions, their radical

design, according to Collins and Fairchild, performs very closely to the

required specifications. However, this model has never been tested under

any but static laboratory conditions. This design of "iso-elastic drive," the

name given to the friction belt-tape drive, is so new that there are no relia-

bility test results available.

This simple drive design makes use of two separate capstans. Power

is transmitted through the capstans to the belt and reels of tape with no

slippage. Due to the separate and unequal velocities of the capstans and the

slight elasticity of the belt, tension is maintained between the two reels of

tape and a constant pressure is maintained on the tape head.

Fairchild gives a reliability estimate of 0. 9999 for an operating time

of 50 hours. This figure was composed almost entirely from the failure

rates given in the Martin Handbook of Reliability Analysis and none from

actual test, per verbal communications with D. Burdorf of Fairchild.
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The justification of the Fairchild choice by Collins is approximately

eighty-eight percent management status and twelve percent technical. The

twelve percent technical is based mainly upon design, simplicity, and

state-of-the-art. However, Collins' definition for state-of-the-art differs

greatly from _i_ u, ___. The scoring method used by Collins was weighted

far too heavily on the management aspect; the normalization rnethod employed

by Collins misrepresents the spread of the bidding companies.

In summary, the Fairchild design is inadequate for the following

reasons:

i. A model of the proposed design has not been built.

Z. No reliability testing has been performed on the prototype.

3. No environmental testing has been performed on the prototype.

. The nature of the drive mechanism of the recorder would make

loading virtually impossible for an astronaut in a spacesuit

because of the use of a perimeter belt drive.

. Fairchild has had no previous experience in the recorder field.

Therefore, if this type of design proved unworkable, the

possibility of an acceptable alternate design by Fairchild would

be remote.

The December monthly coordination meeting with Collins Radio

Company was held at Cedar Rapids, Iowa, from 4 December through 7

December 196Z. The purpose of the meeting was to clarify the recent

revision to the Statement of Work, SID-6Z-IZ, the General Specification,

MC 999-00Z3, and the associated equipment specifications for the communi-

cations and data subsystem. The reliability sections of the above documents

were clarified to the satisfaction of both NAA/S&ID and Collins Radio.

PLANNED ACTIVITIES

During the next time period Collins Radio Company is expected to

submit spares recommendations at the module level rather than the component

level presently being considered. These data will be used to re-evaluate

the requirements for spares necessary to meet the reliability requirements

at the minimum weight level. The analyses discussed in this section will be

further refined to establish a new reliability apportionment, which will then

be issued to the subcontractor.
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GUIDANCE AND NAVIGATION SUBSYSTEM

During this quarter, the effects of the component reliabilities, as esti-

mated by Massachusetts Institute of Technology, on the reliability of the

spacecraft have been evaluated and the spares necessary within this system

to meet the spacecraft requirements have been evaluated. This study has

also resulted in a preliminary subsystem reapportionment, based on the

lunar orbital rendezvous mission. The analyses indicate that spares in addi-

tion to those presently planned are necessary for meeting the requirement.

A further study indicates that, _f high-reliability parts were used rather than

those planned by Massachusetts Institute of Technology, the spares weight

could be reduced. During the next quarter, these analyses will be refined to

better define spares requirements and to finalize the reapportionment for the

lunar orbital rendezvous mission.

CONFIGURA TION ANAL YSIS

Subsystem Description

The guidance and navigation subsystem is composed of equipment to

determine the actual position of the spacecraft at any given time with respect

to a specified frame of reference in space; to provide the information and/or

control necessary, so that deviations from an intended trajectory can be

recognized and corrective maneuvers made; and to serve as an altitude ref-

erence for the spacecraft. A description of the functions of the various units

is given below.

The inertial measurement unit (IMU) is a three-gimbal, stabilized

platform, using three inertial reference integrating gyroscopes (IRIG). It is

the function of the IMU to provide a space-stabilized coordinate system and

measurements of accelerations. It may be used in the initial earth launch

guidance system. It will be used for rendezvous guidance, orientation and

guidance for injection into the earth-lunar orbit, mid-course velocity correc-

tion measurements, guidance for lunar landing and lunar take-off, and guid-

ance for the earth entry.

The power and servoassembly(PSA) contains such items as platform

servo amplifiers, accelerometer electronics, gimbal-mounted preamplifiers,

power supplier, etc. It supplies a-c and d-c power for the IMU, as well as

for other equipment of the guidance and navigation subsystem.

,A
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The Apollo guidance computer (AGC} is designed along the lines of a

general purpose computer and is essentially a parallel word transfer

machine. Its function is to supply IMU angle pickoffs as whole numbers,

accelerometer readouts as increments of velocity, sextant angle readouts,

sextant drive, information for pilot display, clock signals for the guidance

system, GSE and signals between computer and spacecraft, such as radar

altimeter, autopi10t, communications, and telemetry. The computer is pro-

grammed to give specific trajectories calculated for the normal spacecraft

flight path, as well as a succession of trajectories applicable to respective

abort modes of operation. The AGC functions in coordination with the IMU

to give the precision roll commands necessary to assure survival during

entry maneuvers.

The scanning telescope (SCT) is designed to perform low orbit land-

mark tracking functions. Because of its wide field of view, it also acts as a

finder for the sextant. It may be used for platform alinement or in an emer-

gency as a backup for the sextant.

The sextant (SXT) consists of an optical and a controller assembly in

which articulating mirrors rotate the sight lines about drive axes. The func-

tion of the sextant is to provide primary celestial angle data used for deter-

mination of the spacecraft orbit and orientation of the inertial platform.

The coupling display unit (CDU) communicates attitude information to

and from the computer, IMU, and the crew. It operates in three modes:

IMU coarse aline, IMU fine aline, and attitude measurement. It also sup-

plies attitude error signals to the stabilization and control system in two

modes: body axis attitude errors are provided for all mission phases entry;

roll and yaw errors about the wind axes are provided during the entry phases.

Results of Analysis

Functional diagrams for guidance and navigation and stabilization and

control subsystems, showing configurations for navigational sightings, atti-

tude maneuvering, IMU alinements and attitude hold, have been constructed

for a 336.41 hour lunar orbital rendezvous mission time line. These data

will be used in future studies of integrated systems.

TI_ diagram shown in Figure 34depicts the reliability mission success

configuration for the guidance and navigation subsystem and presents the

estimated reliabilities based on Minuteman parts. For mission success

these components are in series, since the failure of any one of them would

require mission abort. Those components whose failures require abort are

also described in the section on Abort Criteria.
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Table 46 contains a summary of components within the guidance and

navigation subsystem, together with their predicted mission times and tell-

abilities. Column 4 are the reliabilities using the failure rates supplied by

Massachusetts Institute of Technology and no spares. No spares were

considered for this first set of reliabilities, since a spares list is not pre-

sently available. Column 5 contains the apportioned reliabilities based on

the lunar orbital rendezvous mission with the spares noted. Column 6 shows

the apportioned reliabilities and spares that would be needed if Minuteman

parts are used within the subsystem. The Polaris failure rates were

obtained from Massachusetts Institute of Technology and are consistent with

those rates being experienced on Mark II Polaris equipment. This analysis

indicates the additional spares that are being required within the guidance

and navigation subsystem because of the use of non-Minuteman parts. The

weight differential indicated is not the total weight differential, since addi-

tional spares would be required in the other electronic subsystems noted to

meet the overall requirement. For comparison, Column 7 contains the

apportioned reliabilities which were assigned for the direct-landing mission.

The major reason for this decrease in requirements is that backups were

considered in the stabilization and control subsystem.

Planned Activities

Massachusetts Institute of Technology has been requested to submit to

NAA/S&ID more refined component reliability estimates, operating times,

and levels at which sparing can take place. Based on these modified data,

the system analysis will be refined to more accurately establish spares

requirements and to establish a firm reliability apportionment.

Table 46 contains a summary of the components within the guidance and

navigation subsystem, together with their apportioned and predicted mission

reliabilities. No redundancy was considered for the direct mission, and the

first lunar orbital rendezvous mission since a list of spares was proposed

has not yet been generated. The failure rates used for the direct mission

apportionment Minuteman values, comparable to those used in the communi-

cations and data subsystem; those used in the first lunar orbital rendezvous

mission analysis are based upon the use of Polaris parts as presently pro-

posed by Massachusetts Institute of Technology. In the second lunar orbital

rendezvous mission analysis, the spares list was changed fromthatpresently

proposed by the addition of a spare coupling display unit. The effect of this

additional spare was a decrease in the guidance and navigation subsystem

failure rate from Z95 to 115 per i0,000 missions. In the third lunar orbital

rendezvous mission analysis, the reliabilities are based upon the use of

Minuteman parts throughout the entire Apollo electronics and removal of the

spare coupling display unit previously considered. The results (4Z guidance

and navigation subsystem failures per i0,000 missions) indicate the validity

of this rationale.
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STABILIZATION AND CONTROL SUBSYSTEM

During this quarter, the stabilization and control subsystem was ana-

lyzed to evaluate its effect on total mission reliability and to establish a

spares list and a modified reliability apportionment based on the LOR mis-

sion. The analyses indicate that additional spares are necessary to meet the

reliability requirement. Based on more detailed analyses and a better defi-

nition of possible on-board spares, the analyses will be continued during the

next quarter to refine the configuration and the apportionment.

CONFIGURATION ANALYSIS

Subsystem Description

The SCS provides spacecraft stabilization and maneuvering capability

during coasting periods, navigational sightings, application of AVis, and

entry periods. The BMAG provides attitude information to the FDAI through

the attitude gyro coupler when it is in the SCS attitude control mode. It can

also serve as a backup to the IMU for navigation. Attitude maneuvering is

effected by the three axis rotational controls through the electronic control

assembly to the reaction control systems when the SCS attitude control mode

is in use. The translation control allows the crew to move the spacecraft

linearly by way of the reaction control system, and it is also used to provide

ullage for a large &V maneuver. The SCS control panel allows mode selec-

tion and dead-band adjustment. The gimbal position actuator is used to con-

trol the positioning of the service propulsion system during periods of large

&V maneuvers. This information is presented to the astronaut by way of the

_imbal position indicator.

The &V indicator displays the following information:

(1) The amount of &V required during a correction

(2) AV remaining

(3) Tail-off correction

(4) Velocity in ft/sec
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The following _V controls are provided:

(i) AV reset

(Z) Emergency ullage

(3) Engine fire control

(4) Engine cutoff control.

Results of Analysis

Figure 35 shows the predicted subsystem reliabilities for translunar

and transearth phases of the LOR mission with the proposed redundancies.

The proposed redundancies include spares for the following components:

flight director attitude indicator, gimbal position indicator, stabilization and

control subsystem mode select panel, AVindicator, one representative mod-

ule of the electronic control assembly, and three-axis rotation control.

Operating times include lunar orbit with LEM lunar ascent as the separation

point between orbit times.

Translunar -

--[ AUTOPILOT

I
CONTROLS AND DISPLAYS, L_.-

IAND SENSORS

Operating Time:

Combined Reliability:

Transearth -

0. 996814

157. 380 hrs

0. 9Z4530

R = 0.927485

--_ AUTOPILOT t

/

CONTROLS AND DISPLAYS, ___

IAND SENSORS

R - 0.996190 R - 0.920244

Operating Time: 173. 780 hrs

Combined Reliability: 0. 916738
i

Figure 35. Predicted Reliabilities, Translunar and Transearth

Phases LOR Mission
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Table 47 shows the operating times and apportioned and predicted

mission reliabilities for each of the components within the stabilization

d ........ 1 _._ y t _ .... _ .... _--" .... _ par .... _ ¢_ _

direct mission and the first LOR mission are those presently proposed.

The part failure rates used were Minuteman values comparable to those

used in the communications and data subsystem. In the second LOR

mission analysis, the spares list was changed from that presently pro-

posed. A spare control panel, a spare body mounted attitude gyro,

a spare rate gyro, and a spare accelerometer package were added causing a

net spares list gain of 35 pounds. The modification of the spares configura-

tion resulted in a decrease in subsystem failure rate from 1200.4 to 10Z. 8

failures per i0,000 missions. In the third LOR mission analysis, the pro-

posed spares list was modified by the addition of one body mounted attitude

gyro and one rate gyro package, resulting in a net spares weights increase

of 26 pounds. The resultant subsystem failure rate was 248.2 failures per

i0,000 missions, a decrease of 145.4 subsystem failures per i0,000 mis-

sion from those obtained by the present subsystem configuration; this

decrease reflects the additional spares and the use of Minuteman parts

throughout the entire Apollo electronics.

TEST PROGRAM

The new qualification test program is intended to accomplish all engi-

neering objectives and replace the qualification and reliability tests previ-

ously planned. The objectives of the test program are to qualify the

stabilization and control system to specification requirements prior to first

manned flight and to provide data that will be integrated with all other

developmental field, and flight data for reliability assessment purposes.

These tests conducted at black-box component level will qualify the stabiliza-

tion and control system to maximum specification limits. In addition, off-

limit tests to failure will be conducted to verify that design margins are

adequate for the more critiaal failure modes.

The life test phase will consist of system level tests under nominal

flight and ground environments (flight er_vironments will be combined in

logical combinations where facilities exist) in a sequence simulating an

actual lunar and earth return mission. The life test simulations will be com-

pleted at least twice on each life system sample for qualification. Consider-

able reliability assessment information should result from this phase. The

present qualification program is based on a no-failure criteria.

The program reorientation should result in a significant cost savings.

This is largely because of the reduction in required test sample sizes from

15 equivalent systems to about six equivalent systems. The change in total

test effort has not been determined; however, the expanded test of fewer

- 293- 7',=:,:TI/,L
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systems should result in some savings over the less efficient large sample

size testing.

The new test philosophy should provide a well integrated qualification

program thatwill _,_w____]_h ......_]_ syster__ qualification objective prior to first

manned flight. Minneapolis-Honeywell has been briefed on the new test phi-

losophy and is currently preparing definite test specifications based on the

program changes that will be submit for approval early during the next

quarter.

SUBCONTRACTOR MANAGEMEN T

A meeting was held at S&ID with representatives of Minneapolis-

Honeywell Regulator Company at which a discussion was held on the subject

of suppliers submitting justification data on parts that do not appear on the

Apollo preferred parts list. Minneapolis-Honeywell was provided with the

revised mission success and crew safety electronics subsystems logic dia-

grams encompassing the failure mode analysis studies. A list of components

and estimated failure rates of parts comprising the guidance and control

equipments of the spacecraft electronics subsystems was submitted to

Minneapolis-Honeywell to aid in their mission success studies. Minneapolis-

Honeywell will submit to Apollo Reliability Engineering the latest parts count

for the respective equipments in the SCS subsystem as soon as possible.

PLANNED ACTIVITIES

Minneapolis-Honeywell will submit more detailed reliability analyses

and abetterdefinition of spares a£ the module level. To finalize the reliability

apportionments that will be issued to the subcontractor, these analyses will

be used to refine the analyses indicating that additional spares are necessary.

It is expected that providing spares at the lower level will reduce the weight

of the spares necessary.
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INSTRUMENTATION SUBSYSTEM

During this time period, detailed reliability analyses were performed

on the equipments within the instrumentation subsystem, and the effect of

these on Apollo spacecraft reliability was evaluated. These analyses indi-

cate that the present configuration is capable of meeting its requirements

without spares. During the next quarter, these anatyses will be refined to

evaluate the effects of subsystem reliability on spacecraft reliability.

CONFIGURATION ANALYSIS

Subsystem Description

In general the instrumentation subsystem supports equipment within

other subsystems rather than performing a discrete function.

The central timing equipment provides a time reference for all the

equipment within the Apollo spacecraft except for the guidance and naviga-

tion subsystem, which has its own timing equipment. It provides time syn-

chronization for the data storage equipment, PCM telemetry, television

equipment, in-flight test equipment, and crew displays. It also provides a

readout to the crew of Greenwich mean time, time to event, and time after

event.

The in-flight test system (IFTS) is a part of this subsystem. This

equipment greatly enhances the in-flight maintenance capabilities by detect-

ing malfunctions and troubleshooting them.

The controls and displays section of this subsystem contain all con-

trols and displays that are not directly associated with the major subsystems.

These include caution indicators, event time status indicators, entry monitor

display, illumination controls, etc.

All sensors that are not a part of other specific subsystems are

included under instrumentation. These sensors are used to monitor the

various physical variables and environmental conditions of the spacecraft

and its subsystems. The derived information is presented to the crew

through the displays, monitored by the in-flight test system, and telemetered

to earth.

The radiation detection equipment monitors radiation both inside and

outside the spacecraft. This data is displayed to the crew and telemetered

to the earth. The television and photographic equipment are included in the

instrumentation subsystem.

These equipments are used primarily for visual monitoring of the crew

and documentation, and are not considered essential to mission success.
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All of the antenna equipment used with the communications and data

subsystem are included in the instrumentation subsystem except for the

VHF/ZKMC omni antenna equipment. This equipment includes the C-band

antenna, which is used for near earth tracking; the VHF antenna equipment,

which is used with the VHF/AM and FM units; the high frequency recovery

antenna, and the ZKMC (DSIF) high gain antenna equipment•

Results of Analysis

Table 48 presents mission predicted times and reliabilities for each of

the components within the instrumentation subsystem. Column 4 contains

the reliabilities that were determined by using Minuteman failure rates and

the spares presently planned for inclusion within this system. Column 5

contains the apportioned reliabilities based on the LOR mission using the

planned spares and Minuteman failure rates for all subsystems except the

guidance and navigation subsystem for which MIT failure rates were used.

Column 6 contains the apportioned reliabilities required if Minuteman parts

are used for all subsystems. The MIT failure rates are discussed in the

section on guidance and navigation. For comparison, Column Z contains the

apportioned reliabilities that were previously assigned for the direct landing

mission.

Of the equipment in the instrumentation subsystem only the in-flight

test system and the central timing equipment are included in the mission

success logic diagrams. Estimated reliabilities of these equipments and

their operation times are shown below for near-earth and translunar phases.

The IFTS can be considered a partial back up to the communications and

data subsystem during near-earth phases while the CTE is considered in a

simple series configuration in all phases.

Mission Phase

Near earth

Near earth

Combined near-earth

Translunar I

TEST PROGRAMS

Equipment

IFTS

CTE

reliability =

CTE

Reliability

0.999946

0.9999985

0.999944

0.999977

Operating Time

4. 947

4. 947

76.28

Units Other Than Antennas

The general test program is currently being redefined, and revisions

are being incorporated into the program in accordance with the reoriented

plan. Since suppliers have not been selected for any units, they have not

been effected by the reoriented plan to date. However, it can be reported

that the decrease in the number of test units will result in a 20 percent

savings in hardware utilization. The test methods and levels will decrease

the test effort considerably.
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Five specifications have been revised to reflect the latest changes.

Ten procurement specifications will either be reworked or provided with an

initial input showing new mission concepts. Under the reorientation program,

the previous schedules will be met or improved, and the test plan will gen-

erate sufficient data to assess the reliability of the instrumentation subsystem.

Specific Qualification Tests

No qualification tests have been performed during this reporting period.

Antenna Equipments

The latest hard_vare requirements for the antenna equipments have been

defined in accordance with current program direction. Except for the ZKMC

high gain antenna equipment, the number of test units for the antenna equip-

ments were reduced from six to three. The over-all test cost of the antenna

equipments should be increased slightly because of the increase in testing

levels. There should be no appreciable change in the cost because of the

change from mission simulation tests to mission life tests.

The status of the supplier test program is as follows:

Ant e nna

Operational beacon

2KMC high gain

Recovery

R&D beacon

R&D telemetry

RhD VHF omni filter

Status

Out for bid

No specification

Contract awarded 12-25-62

Melpar Inc. , qualification

testing to begin on 12-17-62

Transco, development testing

phase

Rantec.

Qualification testing is being conducted at Melpar Inc. on the R&D

beacon antenna equipment. The tests are:

I. Humidity and combined high temperature and vibration

2. Acoustics and combined high temperature and altitude.
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LEM INTEGRATION

INTRODUCTION AND SUMMARY

A reliability analysis was made "on the original proposed configurations

for LEM (lunar excursion module) transposition and lunar docking. The

configurations studied were (i) mechanical, (Z) free-fly-around, and (3)

free-fly-around with tethered LEM. Additional studies were conducted on

modified configurations consisting of (i) a combination mechanical and free-

fly-around mode, (Z) a revisedfree-fly-around with tethered LEM, and (3)

a probe and drogue concept. The most reliable of the configurations studied

for both LEM transposition and lunar docking was the free-fly-around method

with the LEM stabilized by the S-IVB vehicle during transposition.

A qualitative reliability study was made to determine the effect of

installing a window in the forward hatch cover. The study indicated that

addition of the window would upgrade mission reliability.

CONFIGURATION ANALYSIS

LEM Transposition and Lunar Docking

Reliability analyses have been made on three proposed mefhods of

accomplishing LEM transposition and lunar docking. The methods studied

were the following:

i. Transposition and docking with the LEM mechanically restrained

Z. A free-fly-around spacecraft

a. LEM stabilized by the S-IVB vehicle

b. LEM self-stabilized

3. A tethered LEM, which first involves capture by the spacecraft.

Figures 36 and 37 show reliability logic diagrams of these configura-

tions for the LEM transposition and lunar docking operations. The reliabil-

ity values used in the calculations were current apportioned values.
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It has been determined from this analysis that all configurations

except for the mechanical meet the required reliability. Table 49 presents

a summary of the results and a comparison of these with the requirements.

Table 49. LEM Transposition and Lunar Docking

Mission

Pha se

LEM trans-

position

Configuration

i. Mechanical

2. Free-fly-around

.

a. LEM stabilized by

the S-IVB booster

b. LEM self-

stabilized

Free-fly-around,

tethered LEM

Predicted Failure Rates

Per 104 Missions

9

3.5

3.5

5

Required Reliability 0. 9992 8

Lunar docking i. Mechanical

2. Free flying

3. Free flying,

LEM

tethered

i0

4

6

Required Reliability 0. 9988 12

Proposed methods of improving the overall reliability include (i)

allowing depressurization of the command module, so that man can act as an

alternate mode in transpositioning the LEM, and (Z) eliminating the require-

ment for hard-docking at rendezvous. Eliminating the requirement for

hard-docking would mean that the crew transfer would be effected in the

free-space mode. While specific reliability numbers have not yet been cal-

culated, it is expected that some improvement would result if these pro-

posed methods prove to be feasible.

- 306 -

SID 62-557-4

-3S;:7:2LI/T::,L-



NORTH AMERICAN

/

Jl
AVIATION, INC. (_'_.i_

SPACE axld INFOR$1ATION SYSTEMS DIVISION

Ground rules for this study, as set down by the requesting design

group, were as follows: (i) no pressurized command module, (2) no com-

mand module air lock, (3) use of command module environmental control

system for LEM initial pressurization, and (4) no LEM air lock as such,

i.e., no exposure of man to space environments during transpositions.

Reliability allocation was taken from SID 62-11Zi, Table D-3, and appor-

tioned as follows:

0.998 -- RTranspositio hand • P_Docking = (.9992)(.9988).

The S-IVB vehicle was assumed to be stable, and no probability

because of this factor was used. Any factor whereby malfunction would

impair the probability of successful hard-dock and necessitate reliance on

an emergency mode was considered to have series effect on reliability. The

factors common to all transposition modes studied were the following:

i. Adapter jettison failure

2. Malfunction or damage of seals

3. Hard-dock latching mechanism failure

4. Electrical power failure

5. l<adome hinging mechanism malfunction

6. Service module reaction control system motors malfunction.

The mechanical mode was affected also by transfer arm and ring sys-

tem reliability and by shock attenuation system reliability. The free fly-

around mode reliability was affected by spacecraft stabilization and control

and shock attenuation system reliabilities when the LEM was S-IVB stabili-

zed and by LEM stability reliability in the self-stabilized LEM concept.

The free fly-around LEM, tethered mode, required flying the spacecraft;

therefore, spacecraft stabilization and control system reliability; probability

of capture and tether of the LEM; reliability of the tether, reel, and motor

system; and reliability of the shock attenuation system at hard-dock were

involved. Any of the modes that required the spacecraft to be flown intro-

duced hazards of collision and damage to the open-hinged radome.

The lunar docking modes introduced those reliability factors resulting

from an operative LEM in addition to those bearing on overall transposition
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reliability. Reliability factors considered to be common to all modes of

lunar docking were as follows:

I. Spacecraft stabilization and control malfunction

Z. LEM stabilization and control malfunction

3. Service module reaction control system malfunction

4. LEM reaction control system malfunction

5. Seals malfunction

6. Radome damage

7. Latch mechanism malfunction

8. Collision

9. Electrical system failure

i0. Command module, LEM communications.

As with the transposition modes, the lunar docking modes involved reliabil-

ity factors unique to each mode in addition to the factors listed above.

Since the highest level of reliability possible is desired, it is felt that

if the ground rules were modified to allow depressurization of the command

•module (man-in-space backup to existing modes), some improvement in

reliability levels would accrue to the lunar rendezvous. If the requirement

for hard-dock at lunar rendezvous were eliminated to permit man-in-space

crew transfer as the normal mode, improvement in reliability levels would

result. Hard-dock could be reserved as an emergency mode for lunar crew

transfer. Hard-docking is obviously required at LEM transposition because

of the need for LEM checkout and rigid attachment during midcourse

corrections.

Examination of reliability factors common to all transposition and

lunar docking modes indicated that a maximum reliability existed indepen-

dent of the transposition or docking mode selected. This maximum reliabil-

ity is the result of the design of spacecraft operative systems such as

stabilization and control, electrical power, and reaction control system.

Of the modes studied, free-fly-around is the most reliable and most nearly

approaches the reliability limit for both transposition and docking. The pro-

vision of emergency alternative modes can, in some instances, provide

redundancy and up-grade reliability.
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The LEM restraining mechanism for the mechanical mode was com-

prised of two transfer arms trunion mounted at opposite sides of the service

module with a ring (horse shoe) at the other extremity that function to sup-

port the LEM at suitable hard points. Transposition was accomplished by

(i) hi_igii_g the radome in the open position and jettisoning the adapter a_cl

(Z) repositioning the LEM and spacecraft with respect to each other as

required for hard-dock. This maneuver is accomplished by suitable trans-

lations and rotations using service module reaction control system power.

Both Configurations Z and 3 required the flying capabilities of the

spacecraft after adapter jettison. Stabilization and control system and

reaction control system operation were utilized to effect required space-

craft translations rotations. Configuration ZB required the spacecraft to

seek the passive self-stabilized LEM then home to hard-dock position; Con-

figuration 3 required attitude for final hard-dock. Each mode required

operation of a shock attenuation system (crushable honeycomb attenuator

cartridge) to reduce final relative velocity to zero at hard-dock. (The max-

imum allowable closing velocity is 1.0 fps.) The two modules were secured

in hard-dock attitude by a latching system comprised of IZ docking clamps

and necessary mechanical linkage located near the command module for-

ward hatch. At the ZEM-spacecraft interface, sealing was accomplished by

means of double O-rings.

LEM Transposition and Lunar Docking, Mechanical and Free-fly Mode

An additional reliability analyses of a combined mechanical and free-

fly mode for LEM transposition and lunar docking has been made. It was

determined from the analysis that the reliability of the LEM transposition

is 9 failures per 104 missions and the lunar docking reliability is 4 failures

per 10 4 missions. The mechanical transposition did not meet reliability

requirements, but the free-fly lunar docking does. Figures 38 and 39 show

reliability logic diagrams of this configuration.

The combined mode is comprised of the mechanical mode in LEM

transposition and the free-fly mode in lunar docking. It is seen that the

combined mode is the same as the mechanical mode except that reliability

is degraded by the probability of successful jettison of the transfer arm and

ring assembly.

LEM Transposition and Lunar Docking, Revised Tethered LEM Mode

A reliability analysis has been made of a revised tethered LEM mode

for LEM transposition (includes hard-dock) and lunar docking.

_ -- _--._.
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As a result of this analysis, the LEM transposition reliability was

0. 99925 (7.5 failures per 104 missions) and the lunar docking reliability was

0.99920 (8 failures per 104 missions). The original tethered LEM mode

reliability for LEM transposition was 0. 99965 (3.5 failures per 104 missions),

and for lunar docking was 0. 99950 (5 failures per 104 missions). Figures

40 and 41 show reliability logic diagrams for this configuration. Both LEM

transposition and translunar docking modes satisfy the reliability require-

ments for mission success.

The tether assembly was comprised of two short arms, rotary joint

mounted at opposite sides of the service module to the extremities of which

the tether cable was attached. The cable that lay on either side of the

service module as far aft as the S-IVB adapter interface, was protected by

shrouds during boost.

LEM transposition was accomplished by (I) jettison of the cable

shrouds, (2) jettison of the adapter panels, and (3) repositioning the space-

craft as required for hard-dock with the S-IVB stabilized LEM by suitable

translations and rotations accomplished with service module reaction control

system power.

Lunar locking required the flying capabilities of LEM in addition to

that of the spacecraft. Docking was accomplished by (1) flying LEM to the

tether cable and effecting hook-up. (2) flying LEM as required to achieve

the required relative orientation with the spacecraft and effecting hard-dock.

A shock attenuation system (crushable honeycomb attenuator cartridge)

was required to reduce final relative velocity to zero at hard-dock. (The

maximum allowable closing velocity is i. 0 fps. ) :the two modules were

secured in hard-dock attitude by a latching system comprised of twelve

docking clamps necessary mechanical linkage (located near the command

module forward hatch). At the LEM - spacecraft interface, sealing was

accomplished by means of double O-rings.

Ground rules for this study were: (I) no pressurized command

module, (Z) no command module air-lock, (3) use of command module

environmental control system for LEM initial pressuring action, and (4)

no LEM airlock as such: i.e., no exposure of man to space environment

during transposition. Apportioned reliability was taken from SID 62-1121,

Table D-3 and redistributed as follows:

0.998 = R T • R D = (.999Z) (.9988)

The S-IVB vehicle was assumed to be stable and no probability due to

this factor was used. (Note: To achieve the reliability level required for

mission success, the S-IVB stability mission acceptable reliability would be
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FREE FLY-AROUND_ LEM S-IVB STABILIZED

TYPICAL

COMPONENTS*

0.99970

LEMTRANSPOSITION

SPACECRAFT

STABI LIZATI ON AND

CONTROL

0.999970

I
SHOCK

ATTE NUATI ON

0.999972

FREE FLY-AROUND

LUNAR DOCKING

TYPICAL

COMPONENTS*"

0. 99961

SHOCK

ATTENUATI ON

0 o999972

PROBE AND DROGUE

*SEE FIGURE 37.

**SEE FIGURE 38.

RELIABI LITY

0.99965

0.9995

FAILURE RATE

PER I04MISSIONS

3.5

Figure 41. Logic

Lunar Docking

Diagram, Probe and Drogue
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0.99945.) Any factor whose malfunction would impair the probability of

successful hard-dock and necessitate reliance on an emergency mode was

considered to have series effect on reliability.

The tether mode does not incorporate the means for other than holding

LEM captive. A previous tether mode provided the means of reeling the

cable as an aid to accomplishing hard-dock. Essentially the subject mode

required free flying either spacecraft or LEM to hard-dock, the tether may

function either to simply hold LEM captive or as means of man-in-space

emergency transfer. Additionally, this tether concept introduces the

hazards of (i) entanglement with service module reaction control system,

(E) possible malfunction of arms and/or rotary joints_ and (3) malfunction

resulting from entanglement with adapter panels during jettison.

LEM Transposition and Lunar Docking, Probe and Drogue Concept

A reliability analysis was made of the probe and drogue concept of

LEM transposition and lunar docking. The concept studied was the free fly-

around spacecraft with the LEM stabilized by the S-IVB vehicle. The probe

is part of the spacecraft and mates with the droRue contained on the LEM.

Figures 40 and 41 show reliability logic diagrams of this configuration.

As a result of this analysis, it has been determined that all evaluated

configurations meet the required reliability. A summary of the results and

comparison with the requirements are presented in the following table.

Table 50. Probe and Drogue Concept of LEM Transposition and Lunar Docking

Mi s sion

Pha se

LEM Trans-

position

Configu ration

Free-fly-around = LEM

stabilized by the S-IVB

booster

Predicted Failure Rates

Per 104 Missions

3.5

Required Reliability 0. 9992 8

Lunar Docking Free flying 4

Required Reliability 0. 9988 iZ
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COMMAND MODULE FORWARD HATCH WINDOW
#

Description

A qualitative reliability study has been made of advantages and disad-

vantages that would result from addition of a window in the command module

forward hatch cover. (LEM transposition and lunar docking aid) and is shown

in Figure 4Z.

Ground rules for this study were: (i) assume existence of window in

command module forward hatch, (Z) two way communication exists, (3) no

visibility problem due to the crewman's helmet exists, (4) crewman can fly

service command from his position in forward hatch, (5) docking windows in

command module eliminated,and (6) free-flying mode assumed. Some

effects of adding a forward hatch window are:

Advantage s

. Docking loads taken through command module and LEM hatch

covers would be eliminated.

2. Blind final approach and hard dock of LEM with spacecraft would

be eliminated.

. Better final approach control resulting from direct visual

appraisal.

1 Hazard of damage to seals or sealing surfaces at interface would

be reduced (spacecraft and LEM both under active control).

5. Direct visual appraisal of sealing malfunction or defect.

6. Direct visual appraisal of any latching malfunction.

, Preplanning of required repairs in forward hatch and radome

areas possible after direct visual assessment.

8. Reduced probability of collision between spacecraft and LEM.

. Space c raft c rewman could actively aid marx-in- space emergency

crew transfer from LEM.

10. Appraisal of radome latching and/or hinging mechanism

malfunction.

ii. Feasibility of seeking and docking with LEM in emergency would

be improved.
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Disadvantages

I. Shock attenuation axially loca-ted is not feasible.

Requires all docking operations to be performed by a single

command module crewman.

. Limits locking and sealing means for forward hatch cover

(Breech lock).

4. Hazard because of window in hatch cover.

5. Multiple shock attenuators probably required.

Problem Areas

i. Tumbling or passive LEM - emergency.

Z. Man-in-space crew transfer - emergency.

3. Alternative - window in LEM hatch cover.

Conclusions

The addition of a window in the command module forward hatch cover

would probably upgrade reliability to some extent. Disadvantages resulting

from the presence of subject window are not critical. Revision of the

present shock attenuator concept would be required, and this would require

a subsequent reliability analysis. The means of retaining the hatch cover

in position and of compressing the O-ring seals could not include a mecha-

nism which would interfere with viewing.

A window in the hatch cover does offer the advantage of direct viewing

of the "target" vehicle during the final moments of approach and hard dock.

If the window surface is properly marked and calibrated, it cQuld be utilized

as an aid to axis and lateral alignment of LEM with spacecraft (Figure 4Z).

Use incidental to the prime purpose of the window (for approach and

docking) such as (1) direct viewing of interface seals and latching mecha-

nism and (Z) inspection of radome mechanisms would tend to upgrade reli-

ability, since preplanning of emergency modes and/or repairs would be

possible.

Reliability could also be upgraded by adding simple exterior viewing

aids (mirrors), possibly mounted on the inner surface of the docking window
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ablative covers. Externally mounted mirrors could also be utilized to

eliminate blind zones on the LEM.

PROBLEM AREAS

A survey was conducted and the following problem areas were found to
exist.

lo

2.

.

LEM to command module sealing (at hard-dock)

Latching at hard-dock due to precise mating required LEM to

command module

Cold welding in space environment

.

(a)

(b)

5. Man-in-space transfer modes

6. Alternatives to forward hatch window

7. Correctives for visual limitations

(a) external viewing aids

Docking in emergency situation:

with tumbling LEM

with passive LEM

8. Effect on reliability due to scavenging possibility from LEM

(equipment, instruments, etc.)

PLANNED ACTIVITIES

P_esults of these Reliability studies, together with those from other

affected groups, have been included in a report to NASA. Future activities

in this area await reaction from NASA.
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COMPONENT CRITICALITY

A criticality analysis of the various Apollo spacecraft systems was

completed during the previous quarter. The resulting criticality numbers

were used to rate systems, subsystems, and components with respect to

each other. A high criticality number indicates that there is a high degree

of degradation in crew safe%y caused by the portion of the system being rated.

There are three basic areas where the results of a criticality analysis

could be beneficial. The three areas are (i) design improvement, (Z) quali-

fication test planning, and (3) instrumentation justification.

The factor that could be used for improving design or deciding on a

need for instrumentation is called design criticality. Design criticality is

proportional to the number of times that the crew would be lost because of

the unreliability of the part. It is computed by multiplying the part unrelia-

bility by the partial derivative of the crew safety equation. Since the poten-

tial crew loss is decreased proportionately with part reliability improvement,

this factor can be used to rank parts for design improvement.

The factor that could be used in the planning of qualification tests is

called test criticality. Test criticality is the slope of the crew safety com-

pared to the part reliability curve and is computed by dividing the partial

derivative of the crew safety equation by the part reliability. The objective

of the qualification test is to verify that part complies with the requirements;

however, this must be done in the most economical way. In order to deter-

mine the type of qualification test plan that complies with both the reliability

requirements and economical limitations, judgment is necessary. Test

criticality assists in this judgment by ranking each part with respect to the

effect on crew safety of uncertainty in its reliability. When parts have equal

reliability uncertainty, the part with the higher test criticality should be

emphasized during qualification testing. The resulting test criticality hum =_

bets for the various components within each of the Apollo spacecraft system

are listed in Table 51.

Instrumentation could be justified partially by the design criticality and

partially by abort sensing requirements. The part may be more critical,

but if correction is not possible, sensing is not necessary. Design critical-

ity will rank abort and correction sensing needs by numerically rating the

contrih,t_o_ of e__ch part to crew loss.
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To aid in the understanding od criticality, the definitions are presented

in a mathematical form and applied to several examples.

Test Criticality

Test criticality number = 8 Crew safety reliability

0 Part reliability

Design Criticality

Design criticality number = (Test criticality) x (I - Part reliability)

Example 1

-[N--{E}--iD-

PAPBPc ; PA PB = 0 7, = 0 504R = = 0.9, = 0.8, PC " "

Test Criticality

OR

CAT - 8P = PBPc = 0.56
A

aR

CRT - 8p B PAPc 0 63

OR

CCT : -- : PA P : 0 7Z
8P C B "

Ranking

De sign Criticality

8R

CAD : 8P"
A

x (i - PA)
= 0.056

0R

CBD :
B

x (i - PB) =
0. 1Z4

OR

CCD : OP"
B
x (1 - Pc ) = O. z16

Ranking

Z

- 32Z-
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For components in series on the logic diagram, both test and design

criticality rankings are the same. The variation in spacecraft crew safety

because of component reliability is similar to the variation in number of

spacecraft failures due to ca,rnnn_f ,-_14_L_14_,r T_ I ...... _ _i-_:_:___

component has the most criticality.

Example 2

R = P + P P P = 0.98
A B A B

PA = 0.9, PB = 0.8

Test Criticality

8R

CAT =
A

8R

CBT - 8P
B

Ranking

= I-P B = 0.2

= I-P A = 0. i

Design Criticality

8R

CAD - 8P x (i - PA) = 0.02
A

8R

CBD - 8P x(l - PB) = 0.02
B

Ranking

For parallel components, the highest reliability component has the

highest test criticality, because the reliability decrease of the highest relia-

bility component produces more degradation of spacecraft crew safety.

Since both components have to fail before the Spacecraft can fail, each par-

allel component contributes the same number of spacecraft failures. The

probability of both components failing on the same mission is independent of

sequence. Therefore, either component has the same design criticality

regardless of its reliability.
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Example 3

R = PA (PBPc + PD - PBPcPD ) = 0.846

PA = 0.9, PB = 0.99, PC = 0.81, PC = 0.7

Test Criticality

8R

CAT = -_-- = PBPc + PD PBPcPD = 0.94
A

CBT = 8R/OP B = PA(Pc- PcPD ) = 0.2184

CCT = 8R/SP C = PA(PB- PBPD ) = 0.Z673

CDT = 8R/SP D = PA(I- PBPc) = 0.18

Ranking

3

Z

4

De sign Criticality

= x (1 - P ) = 0.094CAD 8R/aPA A

CBD = 8R/SP B x (I - PB ) = 0.00Z187

CCD = OR/aP C x(l - PC ) = 0.050787

CDD = 8R/SP D x (i - PD ) = 0.054

Ranking

4

Z

As in example i, the lowest reliability series component has the most

test or design criticality. The test criticalities of components 3 and 4

follow the patterns of both examples 1 and Z. The most reliable parallel

leg has the higher test criticality, and, within the most reliable leg, the

lowest reliability series component has the higher test criticality. The
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design criticality of components 2, 3, and 4 follow the same example

patterns. Each parallel leg has the same design criticality; the component

design criticalities within the leg cannot be higher than the design criticality

of the _+_ !e......e g; and the least reliable series component within the leg has

the highest design criticality.

Table 51. Apollo Subsystems Criticality Indices

Component

Launch escape system

Tower jettison motor

Launch escape motor

Pitch control motor

Tower

Tower separation

Criticality

Indic e s

Electronic power system

Fuel cell

Battery and charger

Inverter

A-c bus

D-c bus

One oxygen supply

Hydrogen supply

Service module reaction control system

0.9991292

0.050581

0.048333

0.99910

0.999040

0.999054

0.00Z519

0.009574

0.001368

0.001997

0.OO1997

0.002Z34

0.00ZZ34

0.99997

Thrust chamber

Injector

Engine oxidizer valve

Engine fuel valve

Propellant tank

Propellant solenoid valve

Helium tank

Flow meter

Regulator

Helium solenoid valve

Filter

Burst disc

Check valve

0.00Z0392

0.00Z0380

0.00Z0374

0.00Z0368

0.00Z0365

0.00Z0364

0.00Z0364

0.0020360

0.0000041

0.0000040

0.00000Z7

0.00000Z7

0.0000020

Criticality _

Class

(1)

(z)
(z)

(1)

(1)

(z)

(3)
(3)
(3)
(3)
(3)
(3)
(3)

(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(_)
(3)
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Component

Table 51. Apollo Subsystems Criticality Indices (Cont)

Criticality Criticality*

Indices Class

Cap

Vent valve

Fill and drain valve

Relief valve

Environmental Control System

Suit circuit

Water - glycol

Command module Pressure and

Temperature

0 Z Supply

HzO Circuit

Command module reaction control system

Rocket engine

Squib valve

Positive expulsion tank

Oxidizer

Positive expulsion tank

Fuel

Helium tank

Reactant fitting group

Reactant tubing group

Helium fitting group

Helium tubing

Bur st disc reactant

Filter

Flow meter

Cap

Regulator

Burst disc, relief valve

Filter, relief valve

Check valve

Relief valve

Vent valve

Fill valve

0.0000009

0,0000008

0.0000008

0.000000Z

O. 999030

0.998760

0.998780

0.998744

0.998743

O.9989O0

0. 999960

0.011090

0.011090

0.011085

0.011085

0.011085

0.011084

0.011084

0.011084

0.011084

0.011084

0.011084

0.011084

0.000027

0.000006

0.00000Z

0.00000Z

0.000001

0.0000003

0.00000001

0.00000001

(3)
(3)
(3)
(3)

(1)

(1)
(1)
(1)

(1)

(1)

(z)

(z)
(z)

(z)

(z)
(z)
(z)
(z)
(z)
(z)
(z)
(z)
(z)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
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Table 51. Apollo Subsystems Criticality Indices (Cont)

Component

Heat protection

Heat shield 0

Structures 0

Mechanical 0

Adapt e r 0

Service module structures 0

Command module structures 0

Instrumentation

Central timing unit

Criticality

Indic e s

•999050

.999030

.999015

.999010

.999002

.999003

0.04774

Service module service propulsion system

Helium tank

Gimbal activator, gears and ball screw

Gimbal bearing

Injector, chamber, and nozzle extension

Tank, fuel

Tank oxidizer

Supply line, fuel

Supply line, oxidizer

Filter, fuel

Filter, oxidizer

Orifice, fuel

Orifice, oxidizer

Heat exchanger

Quantity and gaging

Burst disc, relief line

Filter, relief line

Cap

Main valve, fuel

Main valve, oxidizer

Solenoid valve, main valve pilot valve

Main valve actuator valve

Regulator

Soiclloid, crew activated

Check valve, helium supply

0.999968

0.999962

0.999950

0.999940

0.999935

0.999935

0.999900

O.999800

O.999800

0.999800

O.9998OO

0.999800

0.999473

0.999027

0.009993

0.009993

0.009993

0.006533

0.006533

0.0O5619

O.0O5615

0.002008

0.002006

0.001999

Criticality _:"

Class

(1)

(1)
(1)
(1)
(1)
(1)

(2)

(i)
(i)
(1)
(1)
(i)
(i)
(1)
(i)
(i)
(1)
(i)
(i)
(1)
(i)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
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Table 51. Apollo Subsystems Criticality Indices (Cont)

Component

Service module service propulsion system

(Cont)

Gimbal activator; motor, clutch, and

gears

Check valve, main valve actuator vent

line

Cap

Fill and drain valve, fuel

Relief valve, fuel

Relief valve, oxidizer

Fill and drain valve - oxidizer

Helium fill and drain valve

Stabilization and control system

System less ATT display

ATT display

Electronic control assy.

Rate gyro package

Three-axis rotational control

Translational control

Body mounted altitude gyro

Flight direction attitude indicator

Gimbal position indicator

Stabilization control panel

Delta V display

Accelerometer package

Navigation and guidance system

S extant

Inertial measuring unit

Coupling display unit

Apollo guidance computer

Power and servo assembly

Scanning telescope

Criticality

Indic e s

0.001999

0.001997

0.001000

0.000999

0.000105

0.000105

0.000999

0.000100

0.999987

0.020139

0.947096

0.887310

0.047278

0.047278

0.0Z0336

0.0843839

0.0811192

0.963403

0.0086560

0.0086535

0.858461

0.0814185

0.080984

0.0812244

0.0808415

0.080827

C riticality ':=

Class

(3)

(3)

(3)
(3)
(3)
(3)
(3)
(3)

(1)

(z)

(1)
(1)

(2)

(z)

(2)
(2)

(z)

(z)

(3)
(3)

(1)
C2)
(2)
(z)
(2)
(z)
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Table 51. Apollo Subsystems Criticality Indices (Cont

Component

Communications and data system

VHF beacon recovery

I-IF recovery antenna recovery

HF tranceiver recovery

CBA, C band antenna

CBX, C band transponder

VHF, OA, omni a'ntenna

Audio center

VHF, AM transceiver

DSIF and PA transponder and power

amp

DISH, antenna

VHF beacon antenna recovery

Auxiliary VHF beacon antenna

recovery

Criticality

Indic e s

0.18Z7 x 10-6

0.086273 x 10 -6

0.086327 x 10 -6

0.0213534

0.0215436

0.0Z15136

0.0215629

0.0215596

0.0479028

0.0054972

1.35186 x i0 -I0

0.036536 x i0 -I0

.u

C ritic ality"

Class

(i)
(i)
(1)
(z)
(z)
(z)
(2)
(z)
(z)

(z)
(3)
(3)

_:-_Criticality classes are listed according to criticality index ranges as

follow s:

(i) 0.999987 to 0.858461

(Z) 0.08438Z9 to 0.011084

(3) 0.009574 to 0.036536 x i0 -10
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RELIABILITY PROGRAM IMPLEMENTATION

REORIENTED QUALIFICATION TEST PROGRAM

During the last quarter of 1962, the principal test activities were

concentrated on cost optimization of the qualification test program. This

effort resulted in what is now termed the "Reoriented Qualification Test

Program," which is described in detail in SID 62-1405. The basic intent

in the effort was to design a minimum test program consistent with critical-

ity of the application and the high reliability and crew safety objectives of the

mission. This approach resulted in a test plan which is formulated to yield

design and performance margin data rather than statistically rigorous relia-

bility assessment information. A summary of the salient features of this

program is presented in the following paragraphs.

Objectives

Objectives of the "Reoriented Qualification Test Program" are as

follow s :

i, To employ development test results from fixed-design hardware

toward qualification

2. To allow qualification by similarity to Apollo criteria or better

o To clearly define the scope of the test program, tailored to the

needs of each manufactured or procured item

1 To select the minimum test criteria (number of articles, duration

of tests, test environments, etc.) on the basis of application con-

siderations, such as the state of the art, and the criticality of the

item toward mission success and crew survival

, To utilize test articles in more than one phase or part of the test

plan (when no detrimental stresses are introduced in prior tests),

and/or to refurbish test articles when feasible

Advantage s

In addition to the optimizing effects afforded by this program, it

offers several other advantages. A well defined scope of testing assures

uniform programming by subcontractors and suppliers and strengthens S&ID
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control over test activities and the resulting data. Using prequalification

test results (development data) toward fulfilling qualification requirements

reduces the potential delays and expenditures associated with inadequately

developed hardware being subjected to qualification tests. Selecting test

criteria on the basis of criticality and in relation to the state of the art

assures a meaningful and justifiable test plan.

Planning Ground Rules

Supplementing those guidelines that are intuitive from the foregoing

objectives, the following ground rules were employed in definitizing the

qualification test plan:

I* Zero failure criteria govern; contingencies are not incorporated

in the plan.

Test planning is predicated upon engineering rational in lieu of

statistical conclusions.

, Qualification is construed as demonstration of manned lunar

mission capabilities, within specification requirements, and

repeatability of functional and quality characteristics.

. Reliability demonstration is not a prerequisite for qualification;

however, assessment data requirements are met.

, As an objective, qualification is to be accomplished by the first

manned flight.

. Engineering information and item criticality are evaluated and

optimized against cost reductions.

7. Tests are conducted on the most practical level of assembly.

. Tests conducted on the next higher level of assembly do not dupli-

cate those conducted on lower assemblies.

l Tests on their sub-tier supplier's components and parts are to be

delineated by major subcontractors, subject to Sg_ID approval, and

are to be limited to the minimum testing that will assure success

in later tests.

Test Plan Description

The test plan consists of three basic categories applied in two phases.

Phase A is comprised of the first two categories, environmental and

332 - - _"_'r_rlllTl/ll,
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off-limit tests; Phase IB is the rnisslon-simulation life test.

Phase A-Design Proof Tests

Phase A consists of two parts, The total phase is arranged to confirm

design integrity and application suitability of black boxes and practical lower

levels of assembly.

Part One, Environmental Tests. The environmental tests, which form

Part 1 of this testing phase, will be run at peak levels of expected mission

environments. Test articles will be subjected to single environments,

sequentially applied, with exposure times commensurate with the analogous

critical mission phases. In general, MIL-E-5272 test procedures will pre-

vail. Explosion proof tests will be performed in a simulated spacecraft

atmosphere. Electromagnetic interference tests will conform to S&ID

specification MC999-000213.

Part Two, Off-Limit Tests. Off-limit tests are designed to verify the

design margins and full capabilities of Apollo hardware under emergency

conditions. Affected parameters are increased, in an incremental fashion

to, and if possible beyond, the specified design safety factors. Failure

modes and fail-safe provisions are also verified by this test. Specific

parameters varied in these tests are determined by failure mode analyses.

Phase B-Mission-Simulation Life Tests

Mission-simulation life tests are conducted on complete subsystems

(environmental control, telecommunications, etc.) to assure suitable per-

formance, compatibility and the absence of interface problems under natural

combinations of select critical mission dy.lamic environments at nominal

stress values. The test time is commensurate with each phase of the mis-

sion, starting with ground handling and transportation of the spacecraft and

carried through to recovery. Availability of test facilities and schedules

will establish the specific constraints on the actual simulation and will

restrict environmental test combinations to a maximum of two or three per

phase. Articles subjected to mission simulation are required to survive the

first simulation cycle without a failure. Upon successful completion of the

first cycle, the subsystem will be tested through a second mission cycle or

until a failure is encountered. Critical and limited life items, and compo-

nents that require refurbishment will be replaced or restored to a like-new

condition, and subjected to another dual mission simulation cycle to verify

repeatable performance.

The S&ID qualification test plan is most compatible with Apollo engi-

neering and mission objectives. Unlike a conventional test program

patterned after MIL-E-5272 exclusively, the results from various other test
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phases are continuous and correlative with those obtained from qualification.

Verification of suitable performance and compatibility at all levels of assem-

bly are assured under single environments and simulated mission conditions,

with no duplication of testing. A measure of repeatability of functional and

quality characteristics is an inherent part of the program because of the

multiple articles subjected to test.

Test Plan Implementation and Integration

As in the past, S&ID is employing a totally integrated test program,

starting with development tests, proceeding through qualification, and

ultimately including actual spacecraft flights. In addition to assuring cor-

relation of the results from one test phase to the next, the continuity of data

resulting from integration permits assessment of MTBF (mean time between

failures) at various milestones on the project. The importance of this

approach cannot be overemphasized on the Apollo development program, for

several reasons:

l. Reliability assessment becomes a by-product of the data gathered

from many engineering tests and involves no additional hardware.

Z. Because of the high reliability objectives, the MTBF apportioned

from these objectives cannot be demonstrated at any level of

assembly from components through the complete spacecraft.

(Program constraints; such as available hardware, test facility

capacity, cost, and schedules; preclude demonstration).

Under these restrictions, some lesser MTBF assessment program

must be resorted to. The Apollo assessment plan is predicated upon the

simple fact that the spacecraft cannot possibly achieve its reliability

objective of 96 percent (8400 hours MTBF), if any subsystem within the

spacecraft has failed to reach a reliability in excess of 96 percent. There-

fore, the MTBF (referred to as demonstration MTBF) associated with the

latter is used to define the total time to be accumulated during all phases of

testing.

To date, ,all equipment procurement specifications have been revised

or ammended to include the requirements of the reoriented qualification test

plan. Newly issued specifications will also conform to the requirements of

the plan. Details on specific test plans for subsystems are contained in the

appropriate subsystem sections of this report.

A plan of action has been formulated and implemented to incorporate

the reoriented qualification test program into the present Apollo General

Test Plan (SID 62-I09) and to make the latter more comprehensive series

of documents. The present Qualification-Reliability Test Plan (SID 62-204)
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will be eliminated, and the applicable contents will be included in several

volumes of the General Test Plan. It is envisioned that the new General Test

Plan will present a detailed picture of the Apollo test program from develop-

ment through flight testing. The March 1963 revision will reflect these

changes.

This revised General Test Plan will consist of the following volumes

under the same basic report number:

Title

General Test Plan Logic

Individual System Tests

Ground Qualification Test Program

Acceptance Tests

Multiple Systems Tests

Volume

SID 62-109-i

SID 62-109-2

SID 62-109-3

SID 62- 109-4

SID 62-109-5

Volume 1 will define and emphasize test logic, test integration, con-

tinuity of data through all test phases, the reliability assessment plan, and

will contain synopses of the remaining four volumes.

Volume 2 will detail development testing of individual systems and will

include levels and schedules of environments applicable to this phase of

testing.

Volume 3 will be a new volume that will encompass the complete

ground qualification program for all spacecraft subsystems as well as

identifiable GSE subsystems and applicable lower levels of assembly. This

will include a comprehensive coverage of environments, time of test,

numbers of equipments to be tested, and detailed schedules for such tests.

Volume 4 will also be a new volume delineating the specific acceptance

test procedures to be employed at each applicable level of assembly.

Volume 5 will be a revised version of the current SID 62-109-3 and will

encompass all combined systems tests, the new qualification test concept,

particularly as it applies to qualification by tests on ground spacecraft, and

boilerplate and spacecraft flights. The associated ground support equipment

will also be covered in this volume.
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In addition to the foregoing, applicable sections of SID 62-203, The

Reliability Program Plan, will be revised and resubmitted to NASA-MSC

for approval. Reliability assessment status will be documented in sub-

sequent issues of This Quarterly Reliability Program Status Report

(SID 62-55? series reports) and qualification progress will continue to be

documented via SID 62-?84 Qualification Status Report.
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DATA OP_RA.TiONS

NONCONFORMANCE REPORTING SYSTEM

The Apollo nonconformance reporting and corrective action system has

been defined for machine implementation. To meet various output require-

ments of the users, it is necessary to divide the programming into the

following two phases:

Phase I

This phase of programming, scheduled for completion during the next

quarter, will provide automated storage and reporting capabilities for the

following types of reports:

Io A summary of failures and discrepancies by part, assembly,

and vehicle.

1

3.

4.

Phase II

Material Review Report of nonconforming parts

Selected GSE Report

Selected Human Factors Report

This phase of programming is expected to be complete by July 1963.

The concept in programming this phase is to write generalized programs.

The following generalized concepts are being developed:

i. Single-line reporting. Selecting many elements of data from

magnetic tape (maximum number of characters 132)

Zo Multiple-line reporting. Selects all elements of data to

satisfy requests

° Summaries. Control on any elements of data to produce a report

summarizing data for a stipulated period of time
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QUALIFICATION STATUS LIST

Preparation of the qualification status list for the fourth quarter of

1962 was completed. All subsystems are now included and up-dated to

reflect the most recent requirements. The major revision concerns the

addition of a criticality classification, which will aid in test monitoring and

instrumentation evaluation. Based upon the present volume of items

included in the report, no automation has been attempted; however, it is

anticipated that future effort may require the use of computer equipment.

The total number of items was increased from 92 to 459 in the Qualification

Status List that will be submitted in February 1963.

OPERATING TIME DATA

A procedure has been developed for acquisition and handling of

operating time on time-sensitive equipment. Tabular outputs are being

designed to produce reports that will be used in evaluating the following:

Reliability assessments on assemblies and subsystems

Mean-time between failures

Total operating time versus limited life

Number of system successes and failures

TOTAL RECORDS ACCESS CONTROL (TRAC) SYSTEM

Programming techniques to produce composite reports of TRAC are

being applied as other data systems, which feed into TRAC, are developed.

Development of this system is pending finalization of the following programs:

Identification/traceability and configuration

SPUR (separate parts usage record)

Operating time

NCR and SQH (nonconformance report and suppliers

quality history)

PATH (performance analysis and test histories)

Qualification status

Parts library tape
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SUBCONTRACTOR DOCUMENTATION

Redirection of the documentation requirements for Apollo major

subcontractors has resulted in a concentrated effort to further define and

clarify what is expected from all Apollo suppliers. All major subcontractors

will either be visited, or contacted during monthly reliability coordination

meetings to assure the receipt of complete and accurate failure data,

qualification status lists, test summaries, and other pertinent reliability

documentation. Initial meetings with Lockheed Propulsion and AiResearch

have been conducted, and meetings with Marquardt, Aerojet, and Rocketdyne

are scheduled for the coming quarter.

INTERSERVICE DATA EXCHANGE PROGRAM (IDEP)

Internal usage of IDEP services has expanded to 23 Apollo groups;

323 reports were distributed during the quarter. Contributions to the

program included reports from Life Sciences and Space Physics.

PLANNED AC TIVITY

Format development for parameter specifications data inputs is

scheduled for the next quarter. The data inputs will consist of parametric

tolerance limits and will be maintained for comparison with incoming test

results. Detailed output requirements for the basic data system will also

be defined.
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RELIABILITY EDUCATION

Educational courses and material presented during this report period

are shown in Table 52.

Table 52. Reliability Education Courses

Course Title

Fundamentals of Reliability

Mathematics

Design Analysis Techniques

Apollo Design Review

Procedures

Design and Analysis of

Experiments

No. of

Classes Given

13

13

Average

A ttendanc e

i0

15

25

Total

Hours

130

793

25

24 5 360

Total 51 808

The Apollo Reliability Program Plan and the Fundamentals of

Reliability Mathematics reports are being scripted for closed-circuit

television production. These are the first of a number of programs

scheduled that will be utilized for in-house and supplier education.

\\

\
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COMPONENT TECHNOLOGY

RELIABILITY PARTS MANUAL

Significant accomplishments for this quarter include completion of

Volume I of the Reliability Parts Manual, "Failure Rate and Application

Data". Component part failure rates, failure modes, and part application

notes are contained in the manual. This manual is intended to be utilized

as an aid in the prediction of reliability levels.

STUDIES

Evaluation and investigation of components scheduled for application

to the Apollo spacecraft continued this quarter. Several reports and letters

were prepared and issued including the following:

I. Relays. Relays being considered for Apollo usage were evaluated.

Available reliability information and failure rates for each type

were reported.

. Threaded inserts, thin wall. Thin-wall threaded inserts being

considered for use in Project Apollo were investigated.

Electroplated samples of this part type indicated evidence of

cracks. These defects were documented by enlarged photographs.

The probable cause of the problem was hydrogen embrittlement

from the electroplating process. The Design Requirements

Group, who were engaged in the preparation of a specification

for this type of insert, were apprised of these findings. _A solid-

film lubricant shall be specified in lieu of any electro-deposited

plating system through eliminating this potential problem area.

. Pneumatic fittings. Twenty-two types of pneumatic fittings were

evaluated. Available application and capability information is

indicated for each type. Three specific fittings were selected

for further study and possible testing.

. Incandescent lamps. Selected incandescent lamps were

evaluated. The 6-volt type was selected as the most desirable

for Apollo usage.
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. Power control unit. Thirty-one electronic parts utilized in the

Westinghouse power control unit were evaluated. It was deter-

mined from available data that three capacitors types would have

a high failure rate. It was recommended that these three parts

be replaced.

. Cavity amplifier. A cavity amplifier manufactured by Resdel

was evaluated. It was noted that problems existed during high-

temperature operating conditions. The manufacturer is

currently considering a revision to the amplifier in order to

resolve the problem.

. GSE components. Thirty-seven GSE commercial-type parts

were evaluated. Available reliability information was reported.

Parts that have been superseded by improved versions were

noted.

. Computer diode. The 427M general purpose computer diode was

evaluated. Comprehensive reliability information was developed

and reported.

SPECIFICATION REVIEW

Specifications were reviewed for the following components:

i. Relays. A proposed relay specification was reviewed. It was

found that the specification would not ensure procurement of parts

that would satisfy requirements of the Apollo project. Because

time was of the essence, Component Technology generated a new

document that would provide adequate specification coverage.

Apollo Design concurred with the findings and recommendations of

Component Technology and submitted the new document to S&ID's

Specification Group for coordination and release.

Power transfer switches. A specification covering Apollo power

transfer switches was reviewed. Revisions and additions were

suggested to up-grade the document to required levels.

. Motor operated switch and over-current relay. A specification

covering a motor-operated switch and over-current relay was

reviewed. Additional information required to achieve minimum

required specification coverage was indicated.

. High-reliability parts, handling and controls. A first-level or

"top" specification, covering handling and controls required for
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high reliability parts, was completed and is currently being

c oordinated.

. Circuit breakers. Aproposed circuit breaker specification was

reviewed. It was found that existing circuit breakers would not

meet either the application or the specification requirements.

Component Technology recommended that this problem be

considered by the Parts Improvement Committee.

. Wire, electrical connectors. Members of Component Technology

formulated a team that included representation of Apollo

Reliability, Apollo Design, and Apollo Design Requirements.

This team provided assistance to the Apollo Electrical Design

Group in the generation of wire, feed-through, and electrical

connector specifications that were urgently needed in order to

meet existing requirements and schedules.

RADIATION EFFECTS STUDIES

The following radiation studies were completed during the past

quarter:

lo Radiation effects, components and materials. A summary of a

portion of the available irradiation effects data on comoonents

and materials has been issued. This includes an analysis of

test data from NASA Langley Research Center's Component

Evaluation Program. The following reports were issued.

a, Preliminary Analysis of Proton Radiation Tolerances for

Several Transistors.

b, Hi-Rel Parts Control Study Program-Detailed Investigation-

High-Energy Radiation, Hard Vacuum.

Apollo radiation requirements. A preliminary analysis of upper

bounds on the anticipated Apollo radiation environment for the

exterior and interior of the service module and command module

for purposes of part specification radiation requirements has been

completed. The analysis conducted are delineated in the

following reports.

a. Preliminary Criteria for the Radiation Environment for

Project Apollo.

b. Preliminary Evaluation of the Component Radiation

Environment for Project Apollo.

W
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. Radiation test program proposal. An evaluation-testing program

to verify the preliminary results of the radiation effects study

program has been proposed. This proposal outlines test methods

and procedures, availability of qualified test facilities, parts to

be irradiated, and a cost estimate of the program. The report

"Hi-Rel Parts Control Study Program-Radiation Test Proposal

for Electronic and Electro-Mechanical Parts". has been issued.

RELIABILITY PARTS MANUAL

Volume II of the Reliability Parts Manual (Preferred Parts) is

approximately 75 percent complete. It is anticipated that the manual will

be completed during the next quarter.
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SUPPLIER SURVEYS

Preaward surveys constituted the major effort during the past quarter.

Companies surveyed, their location, and the Apollo product, are summa-

rized in Table 53. During the next quarter, approximately 32 additional

preaward surveys will be conducted, primarily in the areas of the in-flight

test system, flight simulator, and special products (hardware). Four

resurveys are scheduled for potential suppliers who have modified their

reliability controls or instituted policies and procedures to establish

approved systems.

A forecast of 103 preaward surveys to be performed through

December 1962was made at the inception of the supplier survey program.

Actualpreaward surveys to date are ll0. The forecasted resurveys were 8,

and the actual resurveys were 8.

Summarization of all surveys conducted through December 1962

revealed a total of 118 surveys was completed -- ll0 preaward surveys

and 8 resurveys. Copies of the survey summary will be distributed to

various departments for their use. Included in the summary is the

supplier qualification status and a description of deficiencies observed.

This summary will be maintained and up-dated periodically to include post-

award survey data as it is obtained. Current revision to the summary will

be completed by 15 January 1963 for in-house distribution.
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Table 53. Supplier Surveys

Equipment Name of Supplier Location

Ground cooling cart

Central timing equipment

Positive expulsion tanks

Special Products

C.G. Hokanson

Ellis & Watts

Keco Industries

Stratos / Fairchild

Budd Electronics

Walter Kidde

Space Equipment

Missimers

American Astrosystems

Transicold Corp.
Auto Controls Laboratories

RCA Astro-Electronics

Fairchild Camera & Instru-

ments

General Electric Advanced

Electronics Center

Elgin Watch

Hughes Aircraft

Texas Instruments

Astrodata

Bell Aerosystems

B.F. Goodrich

Goodyear Tire & Rubber

Tapco Group

Fairchild Precision Metal

Products

Baker Manley

Accessory Products

Los Angeles, California

Cincinnati, Ohio

Cincinnati, Ohio

Bay Shore, New York

Long Island, New York

Belville, New Jersey

Torrance, California

Glendale, California

So. El Monte, California

Montebello, California

Los Angeles, California

Highstown, New Jersey

Syosset, Long Island,
New York

Ithaca, New York

Rolling Meadows, Illinois

Culver City, California

Dallas, Texas

Anaheim, California

Buffalo, New York

Akron, Ohio

Akron, Ohio

Cleveland, Ohio

E1 Cajon, California

So. E1 Monte, California

Whittier, California

Flight simulator Minneapolis-Honeywell Duarte, California

Allison Division of General

Motors
Fuel, Oxidizer and helium

tanks

General capabilities Air-a-plane

General Mills Electronics

Hydrogen regulator B.H. Hadley, Inc.

Re-surveys Itt-Industrial Products

Molecular Research

Systems Engineering

Laboratories

Eagle Picher

Airite Products

Hallicrafters

Indianapolis, Indiana

Norfolk, Virginia

Minneapolis, Minnesota

Pomona, California

San Fernando, California

West Palm Beach, Florida

Fort Lauderdale, Florida

Joplin, Missouri

Los Angeles, California
Santa Ana, California
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APPENDIX

SUBCONTRACTOR DOCUMENTS REVIEWED

Document No. Title

AEROJET-GENERAL CORPORATION

AGC 14148

AGC 14147

AGC 14146

AGC 14145

3865-iib

3865-13B

38 65- 6A

3865-4ZA

3865-4Z

3865-3A

3865-IOA

3865-13

3865-10-5

3865-513

3865-514

3865-509

3865-2-6

3865-10-4

3865-30-2

Component Specification, GSE, Service Module

Rocket Engine Nozzle Closure

Component Specification, GSE, Service Module

Rocket Engine Nozzle Extension, Leak Check Test

Set

Component Specification, GSE, Service Module

Rocket Engine Nozzle Plug

Component Specification, GSE, Service Module

Rocket Engine Nozzle Extension Kit

Qualification-Reliability Test Plan

Test Plan

Reliability Program Plan

Simulated High-Altitude Subscale Thrust Chamber,

Evaluation Test Plan

Simulated High-Altitude Subscale Thrust Chamber,

Evaluation Test Plan

Program Plan

Hardware List

Test Plan

Monthly Progress Report

Sub scale Altitude Performance Estimates

Analytical Prediction of Thrust Coefficient for

Non-Equilibrium Flow

Preliminary Analysis of Nozzle Extension Wall

Temperature

Monthly Weight and Balance Report

..... 1_,_. ____ ReportIVlUll_illy .L ±_J_ross

Quarterly Reliability Status Report
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Document No. Title

3865-44

3865-510

3865-Z-5

3865-503I

3865-502

3865-506

3865-508

3865-14-2

Qualification Status Report

Thermal Analysis of the Nozzle Extension Support

Rib s

Monthly Weight and Balance Report

Heat Transfer to NzO 4 and Aerozine 50 at Low
Velocities

Analysis of Interstage Vent Area and Shock Wave

Location for the 60:1 Nozzle

Thermal Analysis of the Nozzle Extension Flange

Effect of Gas Ingestion Upon Engine Operation

Quarterly Progress Report

AIRESEARCH

SS-1010-R Rev 3

SS-844900

SS-101Z-R

SS-I014 Rev Z

SS-845100

SS-1001-R Rev Z

SS-1008-R

SS-10Z7-R

SS-I013-R(6)

ss- 1035-R(Z)

SS- 1042-R(7)

SS- I019-R(3)

SS-1000-R Rev 4

Quality Control Plan

System Check Out Console

End Item Test Plan

Design Criteria Specification

Equipment Specification, Pressure Distribution

Test Set

Test Plan

Manufacturing Plan

Drawing List

Monthly Progress Report

Quarterly Reliability Status Report

Bi-Weekly PERT Report

Quarterly Progress Report

Schematic Diagram, Environmental Control System

System Specification
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Document No. Title

13755

13756

:13768

13707 II

13703

13707 I

137O9

13711

13705

13714-1

13719

Equipment Specification,

Way

Equipment Specification,

and Control Package

Equipment Specification,

Adjustable, Single Throw, Single Pole,

System

Reliability Test Plan

Program Plan

Reliability Plan

Quality Control Plan

End Item Test Plan

Te st Plan

Monthly Progress Report

Quarterly Reliability Status Report

Valves, Solenoid, Two-

Quantity Sensing Probe

Pressure Switches,

Heater

COLLINS RADIO

AI_ Z34-Z

AR Z3Z- 1

AR Z33-I

AR Z04-1

AR-II3-3

AR-101-8

_-Z _Q 1Ju-

AR-101-7

Component Specification,

Equipment Specification,

Equipment Specification,

R&D Radome

R&D Diplexer

R&D Multiplexer

GSE Design Criteria Specification

Qualification-Reliability Te st Plan

Monthly Progress Report

_i_1_i _ ,_u_ ",V_,LL_.U_ Of OW_U_ AuLuaLors

Monthly Progress Report
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Document No. l Title

AVCO

RAD=SR-6Z-10Z Rev 1

RAD-SR- 6Z- 25Z

RAD-SR- 6Z-Z49

RAD-SR-6Z-ZOZ-6 Rev 1

RAD-SR- 6Z-Z02-6

RAD-SR-62-ZOZ-3

RAD-SR- 6Z-Z33

RAD-SR- 6Z- ZZ5

RAD-SR-6Z- ZOZ-Z

RAD-SR- 62- Z08

RAD-SR- 6Z-Z05

RAD-SR- 62- 184

RAD-SR- 6Z- 188

13703

13706A

13751A

1375Z

13753

Manufacturing Plan

Monthly Progress Report

Monthly Weight and Balance Report

13754

Drawing List

Drawing List

Drawing List

Monthly Progress Report

Monthly Weight and Balance Report

Drawing List

Quarterly Reliability Status Report

Monthly Progress Report

Monthly Weight and Balance Report

Monthly Progress Report

BEECH AIRCRAFT

Program Plan

Manufacturing Plan

Equipment Specification,

Couplings

Equipment Specification,

Valves

Equipment Specification,

System Valves

Quick Disconnect Valve

Module, Oxygen System

Module, Hydrogen

Equipment Specification, Check Valve Equipment
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Document No. Title

AR-121-3

AR-I20-3

Quarterly Reliability Status Report

Quarterly Progress Report

LOCKHEED AIRCRAFT

588-M- 13

588-P-6

588-P-5

588-M-Z9

588-M-31

588-M-28

588-M-27

588-Q-2

588-M-26

Monthly Quality Report

Monthly Progress Report

Monthly Progress Report

Quarterly Quality Control Performance Audit

Quarterly Reliability Status Report

Drawing List

Drawing List

Quarterly Progress Report

Monthly Quality Report

MARQUARDT

A-1006A

A-100ZA II

A-1009A

A-1007A

A-1008A

A-10Z0-5

A-1011-5

A-10Z0-4

A-1011-4

Quality Control Plan

Reliability Program Plan

Hardware List

Te st Plan

End Item Test Plan

Monthly Quality Report

Monthly Progress Report

Monthly Quality Report

Monthly Quality Report
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Document No. Title

A-I015-7

A-1019-1

A-10Z0-3

A-10Z8

A-10Z5

A-10Z6

A-I015-6

Drawing List

Quarterly Quality Control Summary

Monthly Quality Report

Quarterly Reliability Status Report

Qualification Status Report

Quarterly Progress Report

Drawing List

MELPAR

AI004.03 Qualification-Reliability Test Plan

Reliability Program Plan

MINNEAPOLIS- HONEY WELL

A62-VSIG(3)

A6Z-7 5ZC(9)

A6Z-7 5ZC(8)

A6Z-7 68D(4)

A62-760B 5. 3(i)

A6Z-7 68OD(3)

A6Z-7 60A8(I)

A6Z-7 5ZC(7)

Support Plan

Monthly Progress Report

Quarterly Progress Report

Monthly Quality Report

Boilerplate, Stabilization and Control System,

Stability Analysis

Launch Escape, Stabilization and Control System

Data, GSE

Monthly Quality Report

Stabilization and Control System Failure Indication

Study

Monthly Progress Report
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Title

NORTHROP

5931Z

59319

59311A

59303A

ZSZ6A

Z531A

59332

Z5Z3C

59311

59305

59314A

5930ZA

59301A

NVC/6Z-3ZZS/734

2620-12

2540 II

NVC/6Z-3105/734

PTM- 434A

Equipment Specification, Fusing Resistor

Equipment Specification, Explosive Bolt,

Electrically Initiated, Drogue Disconnect

Equipment Specification, Cutter, Mechanically

Initiated, Reefing Line

Equipment Specification, Cartridge, Electrically

Initiated

Reliability Demonstration Plan

Quality Control Plan

Quality Control Training Plan

Quality Control Requirements for Suppliers

Overall Test Plan

Equipment Specification, Cutter, Mechanically

Initiated, Reefing Line

Equipment Specification, Switch, Time Delay

Equipment Specification, Relay, Non- Latching

Equipment Specification, Baroswitch

Equipment Specification, Switch, Inertia

Drawing List

Monthly Failure Summary

Quarterly Reliability Status Report

Drawing List

Hardware List
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Document No. Title

2624-I0

NVC/6Z-Z939/734

Monthly Failure

Drawing List

Summary

NVT/62-519

126Z4-5

2600-I_

NVC/62-Z5Z0/734

Monthly Progress Report

Monthly Failure Summary

Qualification Status Chart

Quarterly Progress Report

Drawing List

PRATT & WHITNEY

PWA 2114

PWA 2115

PWA 2116

PWA Z059B

PWA 6342D

PWA 635ZA

PWA 4- i0

PWA Z0- 4

PWA 24-11

PWA 24- I0

PWA Z4-9

PWA 4-9

PWA 20- 3

Development Test Plan

Reliability Program Plan

Test Plan

Quality Control Plan

Equipment Specification,

Fuel Cell Powerplant

Equipment Specification,

Powe rplant

Monthly Progress Report

Monthly Quality Report

Drawing List

Drawing List

Drawing List

Monthly Progress Report

Monthly Quality Report

Shipping Containe r,

Test Stand, Fuel Cell
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Document No. Title

PWA 2105

PWA 24-8

PWA 7.0- 2

PWA Z1-3

PWA Z4-7

PWA Z101

PWA 24- 6

PWA 24- 5

Quarterly Reliability Status Report

Drawing List

Quarterly Summary of Quality Control

Hardware List

Drawing List

Quarterly Progress Report

Drawing List

Drawing List

THIOKOL

A-013A

A-10A

A-711

A-710

A-Z04

A-709

A-50Z

A-708

A-60Z

A-707

A-30Z

A "7 _ ,_
---_JL-- I UU

Reliability Test Plan

End Item Test Plan

Drawing List

Drawing List

Monthly Progress Report

Drawing List

Quarterly Reliability Status Report

Drawing List

Quarterly QC Summary

Drawing List

Quarterly Progress Report

Drawing List
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Document No. Title

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

C-I199

Model C14-03Z

Apollo Guidance and Navigation Report

PROCUREMENT SPECIFICATIONS CONTRIBUTIONS

Antenna Check Out Group

Connector, Flexible, Service Propulsion System

Feed Lines

General Purpose Relays

General Usage Electrical Connectors

Heat Exchanger, Service Propulsion System

F e ed Line s

Hose Assembly, Flexible Metal, Service Module

Model C14-019

Model C14-031

Model C14-053

Model CI4-11Z

Model C14-0Z8

ModeiSl4-016

MC 183-8000

MC 284-0026

MC 284-0027

MC 284-0045

Launch Control Group

On-Board Recorder Check-Out Unit

Performance and Interface Command Receiver

Check Out Unit

R&D Instrumentation Bench Maintenance

Equipment

Radar Transponder and Recovery Beacon

System, Quantity Gaging, Reaction Control System

Telemetry Check Out Unit

Water-Glycol Supply Unit

Wire to Be Used in Environmentally Controlled

Areas

Trailer, Transport, Aircraft, Apollo Command

Module

Valve, Relief, Absolute Pressure, Helium

Valve, Relief, Pressure

Valve, Monomethyl Hydrazine, Solenoid Actuated
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Document No.

MC 284-0050

MC Z84-OO6Z

MC 284-0068

MC 363-8000

MC 364-0001 B&C

MC 414-0061

MC414-0065

MC414-0067

MC 432-0040

MC 449-0005

MC 449-0014

MC 449-0015

MC 449-00ZI

MC 452-0036

MC 45Z-0038

MC 453-0005

MC 453-0007

MC 453-0008

MC 453-0009

MC 455-0014

Title

Ventilating Check Valve, Waste Management

System

Valve, Relief, Pressure, Helium, Command

Module, Reaction Control System

Check Valve, Parallel, Helium

Supply Unit, Atmosphere, Ground

Heat Shield, Ablative Panels

Electrical Connector s, Special Purpose

Connector, Umbilical, Electrical, Command

Module to Service Module

Umbilical, Electrical, Launch Escape Tower

In-Flight Manual Test Set

Transducer, Pressure

Transducer, Displacement

Transducer, Flow

Transducer, Temperature

Power Transfer Switch

Power Switch and Over Current Relay, Motor

Operated

Cartridges, Electrically Initiated

Firing Unit, Electronic, Exploding Bridgewire

Initiator, Exploding Bridgewire

Initiator, Electrical, Hotwire

Control Relay, General Purpose
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Document No.

MC 464-0015A

MC 464-0022

MC 481-0001A

MC 481-000g

MC 481-0003A

MC 481-0005

MC 481-0006

MC 481-0008

iMC 48 1-00Z8

MC 481-0029

MC 481-0030

MC 496-0005

MC 901-0005B

MC 901-0008A

MC 901-0009A

MC 901-0024

MC 901-0025

MC 901-0027

MC 901-00Z9

MC 901-0030

MC 901-0039

Title

Fuel Cell, Electrical Power Plant

Rectifier, Z8-V, D-C Power Supply

R&D Telemetry Equipment

Antenna System, Recovery

R&D Beacon Antenna

Operational Beacon Antenna System

C/M Radome

High Gain Antenna Equipment

R&D VHF Antenna Coupler

R&D C-Band Antenna Coupler

R&D Telemetry Coupler

Motor Generator Set, 400 Cycle

Cryogenic Subsystem

System, Propellant Quantity Gaging, Service

Module, Reaction Control System

Rocket Engine, Stabilization and Control System

Vacuum Cleaner Assembly, Waste Management

System

Waste Management Control Unit

Bacteria Control Unit, Waste Management System

Urine Disposal Lock

Waste Management Blower

Pre-Prototype, Stabilization and Control System,

Bench Maintenance Equipment
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SID 6Z-557-4



NORTH AMERICAN AVIATION, INC. SPACE and INFOIRI_IATION SYSTEMS DIVISION

Document No. Title

MC 901-0041A

MC 901-0057

MC 901-0063

MC 901-0067 and A

MC 901-0068

MC 901-0073

MC 901-0074

MC 901-0075

'MC 901-0080

MC 901-0081

MC 901-0090

MC 901-0101

MC 901-0107

MC 901-0108

MC 901-0109

MC 901-0110

MC 901-0111

MC 901-011Z

MC 901-0113

MC 901-0i14

MC 999-000ZB

Stabilization and Control System, Auxiliary GSE

Fuel Cell Powerplant Test Stand

In-Flight Test System

Rocket Engine, Bi-Propellant

Back-up Valve, Waste Management System

LH Z Transfer Unit

Parachute Subsystem, Pre-Prototype, Bench

Maintenance Equipment

LO Z Transfer Unit

Acoustic Measurement System

Equipment, Signal Conditioning

Comn_and Module Television Equipment

Helium Booster Unit

Bulkhead Feedthrough, Command Module

Service Module Rocket Engine Motor Nozzle

Service Module Rocket Motor Leak Test Set

Service Module Rocket Engine Motor Nozzle Plug

Service Module Rocket Motor Nozzle Extension,

GSE

Vibration Measuring System

Leak Detection System

Electromagnetic Interference Control
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Document No. Title

MC 999-0019

MC 999-00Z0

MC 999-0023

MC 251-0005

MC 449-0020

MC 454-0003

MC 461-000ZA

MC 461-0003A

MC 901-001ZA

MC 999-0008A

Cable Assemblies, Special Purpose Electrical

Cabinet and Console Enclosures

Communications and Data Subsystems

Burst Disc Assembly, Monomethyl Hydrazine

Transducer, Linear Acceleration

Circuit Breakers, Hermetically Sealed

Charger, Battery, Silver Oxide Zinc

Battery, Stabilization and Control, Storage,

Zinc Silver Oxide, Z8-V, 30-Amp

Stabilization and Control System Subsystem

Documentation Requirements for Project Apollo

Supplies (Components)

Apollo Stabilization and Control, Service Module

Propulsion System, Simulated Rocket Engine

Fuel Transfer and Conditioning Unit

Switch Assembly, Command Module to Service

Module, Separation Indication

SPECIFICATION CONTROL DRAWINGS (SCD' s)

ME 106-001Z

ME 161-0001

ME 414-0069

ME 415-0003

ME 415-0004

ME 415-0005

Weighing Kit, Electric, For Determination of

Static Weight and Center of Gravity

Control, Push Pull, Rigid

Electrical Connector Assembly, Boiler Plate

Socket, Relay, 16 Pin, Microminiature

Socket, Relay, 8 Pin, Microminiature

Socket, Relay, DPDT
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Document No.

ME 415-0006

ME 415-0007

ME 415-0008

ME 441-0019

ME 443-0044

ME 455-0015

ME 455-0016

ME 455-0017

ME 455-0019

ME 455-0020

ME 455-0021

ME 455-0022

ME 455-0024

ME 479-0019

Title

Socket, Relay, 16 Contacts

Socket, Relay, 10 Contacts

Socket, Relay, Microminiature, 8 Pin

Capacitor, Fixed, Electrolytic

Resistor, Fixed, Wirewound, Power

Relay, Armature, Subminiature, 8 Pin

Relay, Armature, Subminiature, 9 Pin

Relay, Armature, Subminiature, 14 Pin

Relay, Armature, Magnetic Latching,
Mic r ominiatur e

Relay, Armature, Magnetic Latching,
Subminiature

Relay, Armature, Latch

Relay, Armature, DPDT, Microminiature, 8 Pin

Relay, Power, 3PST, Sealed with Rectifiers

GSE Diode
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TECHNICAL PROPOSALS REVIEWED

Equipment Company

C-Band Transponder Aero Geo Astro

Hazeltine

ACF Electronics

Scope

Temco

Motorola

DSIF Transponder Motorola

Central Timing Equipment

PCM Telemetry Equipment

Positive Expulsion Tanks

Electro Mechanical Res.

Fairchild

Pioneer Central (Bendix)

RCA

General Electric

McDonnell

Texas Instruments

Motorola

Astrodata

Elgin

ITT

Hughes

Radiation, Inc

Texas Instruments, Inc

United Electro-Dynamics

EPSCO, Inc

Applied Electronics &

Baldwin- Lima-Hamilton Corp

Tele-Dynamics, American

Bosch Arma Corp

Airite Products

Bell Aerosystems

Beech Aircraft
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Equipment Company

Regulators (Helium), High-Flow

Regulators (Helium),

C/M RCS Squib Valves

Check Valve s

Low- Flow

Hadley

Future Craft

Calmee

Whittaker

Vacco

Thickol

Fairchild (Stratos)

Hadle.y

Apco

Thickol

Pelmec

Futur c raft

Pyrodyne

Pyroelie s

Conax

Sargent

Apco

Langley

Firewel

Static Inve rte r We stinghous e

- 366 -

SID 62-557-4


